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FOREWORD 


This Final Report provides the results obtained in the Shuttle Cryogenics Supply System 
Optimization Study, NAS 9-11330, performed by Lockheed Missiles & Space Company 
(LMSC) under contract to the National Aeronautics and Space Administration, Manned 
Spacecraft Center, Houston, Texas. The study was under the technical direction of 
Mr. T. L. Davies, Cryogenics Section of the Power Generation Branch, Propulsion 
and Power Division. Technical effort producing these results was performed in the 
period from October 1970 to June 1973. 

The Final Report is published in eleven volumes*: 

Volume I — Executive Summary 

Volumes II, III, and IV - Technical Report 

Volume VA-1 and VA-2 

Math Model - Users Manual 

Volume VB-1, VB-2, VB-3, 

and VB-4 Math Model — Programmers Manual 

Volume VI - Appendixes 

The LMSC Staff participants are as follows: 

Study Manager L. L. Morgan 

Subsystem Evaluations C. J. Rudey 

D. P. Burkholder 
C. F. Merlet 
W. H. Brewington 

Integrated Systems * H. L. Jensen 

Component Analyses B. R. Bullard 

F. L. Bishop 


*The Table of Contents for all volumes appears in Volume I only. Section 12 
in Volume m contains the List of References for Volumes I through IV. 


iii 


LOCKHEED MISSILES & SPACE COMPANY 



LMSC-A991396 


Thermodynamics 


Thermal Protection 
Fluid Dynamics 
Propellant Acquisition 
Design 

Structural Analysis 

Instrumentation 
Reusability /Re liability 
Failure Modes and Effect Analyses 
Requirements and Criteria 
Safety and Mission Completion 
Math Model 


Cryogenic Cooling Subtask 

Subsystem Evaluation 
Component Analyses 

Thermodynamics 
Thermal Protection 


G. E. Heuer 
R. M. Vernon 
J. Gries 
D. R. Elgin 
G. E. Heuer 
R. Cima 

D. P. Burkholder 
R. Cima 
M. P. Hollister 
R. K. Grove 
R. A. Michael 
M. L. Vaughn 

C. C. Richie 
R. R. Gaura 
R. F. Hausman 

D. C. Saunders 
C. F. Merlet 
C. F. Merlet 
R. F. Hausman 
J. McKay 


H. L. Jensen 
G. Heuer 
AiResearch 
R. Cima 
G. E. Heuer 


iv 


LOCKHEED MISSILES & SPACE COMPANY 



LMSC-A 991396 


CONTENTS 


Section Page 

FOREWORD iii 

ILLUSTRATIONS vii 

TABLES ix 

INTRODUCTION 1 

1 SOPSA PROPELLANT FEED SYSTEM ANALYSIS PROGRAM 3 

1.1 Program Description 3 

1.2 Input Data 16 

1.3 Input Deck Setup 18 

1.4 Control Cards 18 

1.5 Output Data 20 

1.6 Error Messages 20 

1.7 Restrictions 20 

2 SOPSA DATA SAMPLES 21 

2.1 Input Data Listing 21 

2.2 Output Data lasting 21 


Appendix 

A INPUT DATA FORMATS 


v 


LOCKHEED MISSILES 8c SPACE COMPANY 



LMSC -A991396 


ILLUSTRATIONS 

Figure Page 

1 SOPSA Main Program Flow Diagram 2 

2 Propellant Feed System Schematic 7 

3 Inputs for Curved Line Section 12 

Ij- Inputs for Compound "U" Elbow 12 

5 Inputs for 90° Offset Bend 13 

6 Inputs for "Z" Bend 13 

7 Inputs for Gradual Expansion 14 

8 Inputs for Contraction lb 

9 Propellant Tank Configuration Definition 15 

10 Input Data Deck Organization 17 

11 Input Deck Setup 19 

12 Oxygen Feed Sys tern -Orbi ter O^OA 2k 

13 Hydrogen Feed Sys tern -Orbi ter O^t-OA 25 


LOCKHEED MISSILES & SPACE COMPANY 



IMSC-A 991396 


TABLES 

Table Page 

1-1 Feedline Component Specifications 9 

1-2 Component Material Flags H 

1- 3 Insulation Material Flags 11 

2- 1 Hydrogen Feed System Configuration 26 

2-2 Oxygen Feed System Configuration 27 

2-3 SOPSA Input Data Listing 29 

2-b SOPSA Output Data Listing 32 


ix 


LOCKHEED MISSILES & SPACE COMPANY 



I14SC-A991396 


INTRODUCTION 


SOPSA (Shuttle Orbit Injection Propulsion System Analysis) is a computer 
program developed by Lockheed Missiles & Space Company to aid in the 
preliminary design of propellant feed systems for the Space Shuttle Orbiter 
main engines. The primary purpose of the program is to evaluate propellant 
tank ullage pressure requirements imposed by the need to accelerate pro- 
pellants rapidly during the engine start sequence. These requirements can 
influence the system design for a given engine as well as the suitability 
of a given system for use with different engines. During the vehicle design 
phase, the SOPSA program is used to establish feed system weight variations 
as a function of nominal line diameter and component and line configurations. 
The weight data are used in conjunction with pertinent cost data to 
establish optimum feed system designs. 

The SOPSA program will generate parametric feed system pressure histories 
and weight data for a range of nominal feedline sizes. This is accomplished 
by evaluating tank ullage pressure requirements during the startup phase using 
the constraints of engine inlet pressure (or NPSP) requirements and instantan- 
eous values of feedline flow resistance. Program flexibility has been incorp- 
orated to allow for engine start on the ground or at altitude, computations for 
oxidizer, fuel, or both oxidizer and fuel feedlines, and a multiple restart 
capability requiring restart data input only for quantities whose values have 
changed from the previous case. 

As illustrated in the main program flow diagram. Figure 1, the SOPSA program 
utilizes a simple, in-line computational sequence to solve for the propellant 
tank ullage pressure requirements. Input data describe the number of main 
propellant feedline sizes to be considered, and the number of engine feedlines 
attached to each main feedline (i.e., the number of branch lines feeding each 
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* NOTE: 



THESE CALCULATIONS ARE PERFORMED AS A FUNCTION OF TIME FOR EACH 
CANDIDATE LINE SIZE. 

Fig. 1 SOPSA Main Program Flow Diagram 
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engine). The number and type of components in each line are described, with 
up to 23 line components currently being available. These components include 
straight and curved line sections, valves, bellows, venturi's and PVC's. 

(The program computes component weights and flow resistance coefficients and 
display total values for each line as part of the output data.) Engine 
flowrate, NPSP and thrust profiles during the startup transient are also 
input. In addition propellant tank geometry and propellant and vehicle 
weights are required, along with input data control flags and miscellaneous 
boundary conditions. 

As illustrated in Pig. 1, the program will compute the various pressure drop 
components needed to evaluate tank pressure requirements during engine start. 
These calculations are performed for each candidate main feedline size (engine 
feedlines sizes assumed fixed) as a function of time throughout the start 
transient. Feedline weights are computed based on the maximum value of 
engine inlet pressure, the maximum value of tank bottom pressure, or an input 
design pressure, whichever is greatest. 

The output data display consists of reformatted input data, feedline flow 
resistance coefficients, time -varying values of the pressure drop components 
due to hydrostatic head, flow acceleration, and line friction and configuration 
losses. Computed values of nominal and minimum required values of tank ullage 
pressure are displayed, as well as tank bottom and engine inlet pressures. 

Total feedline system weights are also output for each candidate main feedline 
size. 

In summary, the present SOPSA capabilities are as follows: 

• Performs pressure drop calculations for up to four engines per 
main feedline 

• Handles up to 12 candidate main feedline sizes per engine 
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0 Computes component weight and flow resistance for up to 100 
components in each feedline 

0 Input options available to describe 23 types of components , 
7 material types, and 6 insulation types 

0 Operates on the UNIVAC 1108 computer utilizing the EXEC 8 
operating system 

0 Approximate computer run time is 6 seconds per case 
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Section 1 

SOPSA PROPELLANT FEED SYSTEM ANALYSIS PROGRAM 

A major consideration in the design of propellant tanks and feed systems for 
the Space Shuttle Orbiter vehicle is the requirement that propellants be 
accelerated rapidly during the engine start sequence. Propellant tank 
structural design is influenced by the maximum ullage pressure levels required 
to provide sufficient flow acceleration, as well as hydrostatic pressure . 
levels incurred during boost. Flow acceleration requirements, in turn, are 
dictated by pressure levels required to provide specified propellant flowrates 
at the engine during startup, while simultaneously satisfying minimum NPSP 
and inlet pressure requirements. Propellant feed system weights and flow 
resistance are influenced by component size and design pressure levels. 

Thus optimization of feed system design requires values of tank ullage 
pressure as a function of feedline diameter as well as feed system weight. 

The SOPSA program is designed to compute required pressure values and feed 
system weights for a range of main feedline diameters. 

1.1 PROGRAM DESCRIPTION 

Required values of propellant tank ullage pressures during engine start are 
determined by the pressures required to accelerate the propellant at the rate 
necessary to supply required flowrates at the engine. A proper accounting of 
the system pressure drops yields the following relation for ullage pressure 
requirement at any time during the start transient: 

( 1 ) 
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NFSP 


'VAP 


ENG 
AP. 


HEAD 


AP t 


AP 


ACC 


TOL 


= Engine NPSP requirement 


= Propellant vapor pressure at engine inlet 


= Minimum engine inlet pressure 


= Hydrostatic pressure at engine inlet due to vehicle 
acceleration 


= Pressure drop due to friction in main feedline and 
engine feedlines 


= Pressure drop required to accelerate propellant to meet 
the specified flowrate variation during startup 


= Component pressure control tolerance 


The pressure control tolerance is generally interpreted to he a combined 
tolerance on ullage pressure controls and engine inlet requirements. 


Equation (l) is solved for an assumed feedline configuration employing a 
single main feedline for each propellant with up to four branching engine 
feedlines. This arrangement is illustrated schematically in Fig. 2. Feed 
systems employing dual main feedlines can be analyzed by restarts or separate 
runs. Currently, the program is restricted to consider liquid oxygen as the 
oxidizer and liquid hydrogen as the fuel. An input data flag (SYSNUM) is 
used to specify whether computations are to be performed for the oxidizer 
system, fuel system or both feed systems. A ground start flag (NGST) is 
used to distinguish between engine start on the ground (g/g Q = 1.0) or at 
altitude (g/g = Total Thrust/Vehicle Mass) for purposes of hydrostatic 
head computations. 
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1.1.1 Feedline Configuration Description 

It is assumed that a single main feedline (for a given propellant) supplies 
fluid up to four engine feedlines. The number of engine feedlines is denoted 
by the integer NEL (NEL = 1, 2, 3 or 4). The feedline components are numbered 
sequentially beginning at the propellant tank outlet; the type of component 
in the sequence is denoted by an identification number. The maximum number 
of components in each main feedline is 100. The maximum number of components 
in each engine feedline is also 100. 

In addition to the identification number, each component may also require 
specification of material type as well as additional configuration data. 

Thus the component specification input data fields will generally include 
the following data: 

• Identification Number 

• Material Type Flag 

• Insulation Type Flag 

• Configuration Specification (l) 

• Configuration Specification (2) 

The types of components currently available, their identification numbers, 
and auxiliary specification requirements are listed in Table 1-1. The material 
and insulation flags are defined in Tables 1-2 and 1-3. Input data descriptions 
for components 3-8 are provided in Figs. 3 through 8 . 

1.1.2 Propellant Tank Configuration Description 

Propellant tank geometry is described by nine linear dimensions, as shown in 
Fig. 9- It is assumed that the oxidizer tank is forward of the fuel tank, 
and that the tanks are cylindrical with spheroidal or ellipsoidal domes. It 
is also assumed that a single, common bulkhead separates the oxidizer tank 
from the fuel tank. 
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COMPONENT TYPE 

IDENTIFICATION 
NUMBER 
(TYPE FLAG) 

M MATERIAL 
FLAG REQUIRED 

INSULATION 
FLAG REQUIRED 

SPECIFICATION^ ^ 
NO. 1 

SPECIFICATION^ ^ 
NO. 2 

SPECIFICATION^ 
NO. 3 

SUMP( 6 ) 

1 

NO 

NO 

NA 

NA 


NA 

STRAIGHT LINE SECTION 

2 

YES 

YES 

LENGTH 

NA ■ 


INSULATION THICKNESS 

CURVED LINE SECTION (BEND) 

3 

YES 

YES 

LENGTH 

BEND RADIUS 

INSULATION THICKNESS 

COMPOUND "U" ELBOW' 1 

4 

YES 

YES 

LENGTH 

BEND RADIUS 

INSULATION THICKNESS 

NINETY- DEGREE OFFSET BEND^ 
"Z" BEND^ 

5 

YES 

YES 

LENGTH 

BEND RADIUS 

INSULATION THICKNESS 

6 

YES 

YES 

LENGTH 

BEND RADIUS 

INSULATION THICKNESS 

GRADUAL EXPANSION 

7 

YES 

YES 

LENGTH 

INLET/EXIT 
DIAMETER RATIO 

INSULATION THICKNESS 

CONTRACTION 

(7) 

SINGLE LEG OF DIVERGING BRANCH'' ' ‘ 

8 

YES 

YES 

LENGTH 

INLET/EXIT 
DIAMETER RATIO 

INSULATION THICKNESS 

9 

- 

- 

- 

- 1 

; 

- 

VENTURI 

(7) 

FLOWMETER'' 1 ‘ 

10 

YES 

NO 

LENGTH 

THROAT DIAMETER/ 
INLET DIAMETER 

INSULATION THICKNESS 

11 

- 

- 

- 

- 


- 

GATE VALVE(^) 

(2) 

BUTTERFLY VALVE, MEDIUM WEIGHT' ; 

12 

- 

- 

- 

- 

1 

- 

131 

NO 

NO 

NA 

NA 


NA 

BUTTERLY VALVE, HEAVY WEIGHT^) 

132 

NO 

NO 

NA 

NA 


NA 

BUTTERLY VALVE, EXTRA HEAVY WEIGHT^ 

133 

NO 

NO 

NA 

NA 

1 

NA 

POPPET VALVE, MEDIUM WEIGHT^ 2 ) 

l4l 

NO 

NO 

NA 

NA 

; 

i- 

NA 

POPPET VALVE, HEAVY WEIGHT^ 3 4 5 6 7 8 ' 

142 

NO 

NO 

NA 

NA \ 


NA 

POPPET VALVE, EXTRA HEAVY WEIGHT^ 

143 

NO 

NO 

NA 

NA 


NA 

BALL VISOR VALVE 

15 

NO 

NO 

NA 

NA 


NA 

DISCONNECT 

16 

NO 

NO 

NA 

NA 


NA 

U-PIN TIE ROD BELLOWS 

17 

NO 

NO 

NA 

NA 

1 

| 

NA 

PIN OR HINGE JOINT BELLOWS 

18 

NO 

NO 

NA 

na : 


NA 

EXTERNAL GIMBAL BELLOWS (w/O LINER) 

19 

NO 

NO 

NA 

NA 


NA 

EXTERNAL GIMBAL BELLOWS (WITH LINER) 

20 

NO 

NO 

NA 

NA 


NA 

INTERNAL GIMBAL BELLOWS (w/O LINER) 

21 

NO 

NO 

NA 

NA 


NA 

PRESSURE- VOLUME COMPENSATOR 

22 

NO 

NO 

NA 

NA 


NA 

INTERNAL BALL- STRUT BELLOWS 

NOTES: (l) CONFIGURATIONS DEFINED 

23 

IN FIG. 3 

NO 

NO 

NA r. 

: <\ ■ •= M . 

' CL /* - 

NA 


(2) MODULATION, SHUTOFF, FILL, ISOLATION VALVES 

(3) PRESSURE REGULATORS, FLOW CONTROLS AND MIX VALVES 

(4) SOLENOID AND BALL VALVES 

(5) ALL DIMENSIONS IN FEET, LENGTHS ARE TOTAL CURVILINEAR CENTERLINE LENGTHS 

(6) SUMP WEIGHT IS NOT COMPUTED 

(7) THIS OPTION NOT CURRENTLY IMPLEMENTED 

(8) INSULATION THICKNESS INPUT IN INCHES 
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Table 1-2 

COMPONENT MATERIAL FLAGS 


MATERIAL 

FIAG 

MATERIAL 

TYPE 

1 

321/347 Stainless Steel 

2 

2219-T87 Aluminum Alloy 

3 

606 I-T 6 Aluminum Alloy 

4 

Inconel-7l8 Alloy 

5 

Titanium TI-6AL-4V Alloy 

6 

ORES Vacuum Jacketed Line 

7 

2219 Vacuum Jacketed Line 


Table 1-3 

INSUIATION MATERIAL FLAGS 


INSUIATION 

FIAG 

INSUIATION 

TYPE 

1 

Double Alum. Mylar/Silk Net (50-60 L/ln) 

2 

Double Gold Mylar/Silk Net ( 5 O -60 L/ln) 

3 

NRC-2 Crink. Al. Mylar (40 L/ln) 

4 

Superfloe (30 L/ln) 

5 

Polyurethane Foam 

6 

Fiberglass Batting 
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Fig. 3 Inputs For Curved Line Section 
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Fig . 4 Inputs For Compound "U" Elbow 
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Fig. 5 Inputs for 90° Offset Bend 
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Fig. 6 Inputs for "Z" Bend 
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Fig. 7 Inputs For Gradual Expansion 
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Fig. 8 Inputs For Contraction 
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Fig. 9 Propellant Tank Configuration Definition 
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1.2 INPUT DATA 

The input deck structure is designed so that several cases may be processed 
during one man. Also, only the data groups which vary from one case to the 
next need be input. The input data consist of two header cards followed by 
1 6 input groups (i.G. 's). The data input sequence is as follows: 

• Case Title Card (First Header Card) 

• Input Data Flags (Second Header Card) 

• Feed System Configuration Descriptions (i.G. 's 1-5) 

• Fixed Input Data (i.G. ' s 6, 7 and 8) 

• Time -Varying Imput Data (i.G.'s 9-15) 

• Restart Card (i.G. l6) 

The overall organization of the input data deck is illustrated in Fig. 10. 

The case title card contains an alphanumeric description whose contents are 
determined by the user. The input data flag card contains a series of l6 
integer digits corresponding to the 16 input data groups. A one (l) in the 
position corresponding to a given input group indicates that data cards for 
that group are present in the data deck. A zero (o) indicates that data for 
that group are not present, so that data from a previous case are to be used 
in computations for the current case. Thus all the input data flags must 
equal to one (l) for the first case. (Note that for the final case in a 
roan the value of the data flag for I.G. l6 must be equal to one (l) so that the 
program will read the restart card.) Both header cards (the title card and 
the data flag card) must be input for each case. 

The input data describing the propellant feed system configuration include 
the number of main and engine feedline sizes to be considered, the number of 
engines on the vehicle, the number of time points for which transient start 
data will be input and the ground start flag. These are followed by data 
describing the tank and feedline configurations, as discussed in sections 1.1.1 
and 1.1.2 above. 
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Fig. 10 Input Data Deck Organization 
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Fixed input data include values of loaded propellant masses, nominal (steady- 
state) values of propellant flowrates and engine thrust, propellant temperatures 
at the engine inlet and the liquid surface in the tank, and the engine inlet 
pressure tolerance. 

Time -varying inputs are used to describe the variation of engine flowrate, 
thrust and NPSP requirements during the start transient. Additional inputs 
which are also time -dependent include data describing minimum engine inlet 
pressure requirements, partial -pressures of propellant tank pressurant gas, 
and pressurant gas inlet temperatures. 

The definitions of input data quantities and input data formats are provided 
on the format sheets shown in Appendix A. The format for the title card is 
FORTRAN 7 A 6 ; the format for the input data flag card is FORTRAN l 6 ll; the 
format for the feedline configuration data is FORTRAN ( 316 , 3E12.8). The 
formats for the remaining input data are either FORTRAN ((6E12.8)) for 
floating point data or FORTRAN ((1216)) for integer data. 

1.3 INPUT DECK SETUP 

The input deck consists of a set of control cards, a set of input data, and 
an end-of-run (FIN) card. The set of input data cards is arranged as shown in 
Fig. 10. Thus, the deck setup for a complete run is as shown on Fig. 11. 

Use of the deck configuration shown in this figure assumes that the program 
deck has already been compiled and placed on a mass storage file under the 
name S0PSA. The control cards illustrated apply to usage on the UNIVAC 1108 
computer operating under the EXEC 8 control system. 

1.4 CONTROL CARDS 

Control cards required to operate the SOPSA program consist of those cards 
necessary to assign and execute program storage files under the appropriate 
control system. The control statements required for operation on the UNIVAC 
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Fig. 11 Input Deck Setup 
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1108, EXEC 8 system have been described in Section 1.3. 

1.5 OUTPUT DATA 

Sample output data for S^PSA are shown in Table 2-k. An accompanying 
description of output quantities is provided in Section 2.2. 

1.6 ERROR MESSAGES 

Wo diagnostic error messages are currently provided in the £0PSA program. 

1.7 RESTRICTIONS 

Input data restrictions occur as a result of dimension limits on program 
variables and output data formatting limits. These limits apply primarily 
to descriptions of -the feedline configuration and the propellant tank 
configuration, as described in Sections 1.1.1 and 1.1.2. 

In addition, the number of time points used to describe transient input data 
is restricted to a maximum of 21 (cf. input groups 9-15 > Appendix A). 
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Section 2 
SOPSA DATA SAMPLES 

In order to illustrate the application of the SOPSA program, a sample problem 
has been set up utilizing a feed system configuration typical of those 
designed for the external fuel tanks for the Space Shuttle orbit injection 
propulsion system. The feed system configurations are shown in Figs. 12 and 
13. Corresponding lists of feedline components are given in Tables 2-1 and 
2-2. Values of input data parameters required to describe these components 
are also listed. These parameters are obtained from the component characteris- 
tics listed in Table 1-1. 

2.1 INPUT DATA LISTING 

A listing of an input data deck for the feed system described above is shown 
in Table 2-3. For purposes of illustration each card has been labeled in 
columns 73-80. Definitions of individual input quantities can be obtained by 
referring to the input data formats given in Appendix A. It may be seen from 
Table 2-3 that a restart case has been added at the end of the first case 
(iG 0 jftr = 1 at end of first case). In the data for the second case only a single 
input group has been changed (i.G. 13) so that only new values of data for 
this group are provided ( i . e . , revised values of PENMN^ and PENMNH) . 

2.2 OUTPUT DATA LISTING 

Output for the first case of the sample problem is listed in Table 2-k. 

A listing of several of the fixed input data quantities is shown on the first 
page, along with computed values of tank surface areas and liquid head heights. 
Tank and feedline configuration input data are listed on the next three pages. 
The feedline data listing also includes computed values of line lengths and 
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flow resistance coefficients (K-factors). On the next page are listed values 
of time -varying input data quantities as defined in the input data formats. 


Computed values of various significant transient feed system parameters are 
presented on the next page. These include the time derivative of propellant 
flowrates (WDD^T) , total vehicle weight, thrust -to -weight ratio (always 
equal to one for a ground start), hydrostatic pressure head at the engine 
inlet (DELPHI)), incremental propellant usage (PRj#P-0-INCR and PR0P-F INCR), 
cumulative propellant used (PR^P-T0T CUM) and minimum inlet pressure require- 
ments at the engine inlet (PENG ^5XID and PENG FUEL) . The latter quantities 
may differ from input values of PENMN0 and PENMNH if the sum of propellant 
vapor pressure plus engine NPSP is higher than these input quantities. 


The next two blocks of output contain computed values of the increment in 
pressure required to accelerate the propellant to meet specified flowrate 
requirements (^P AC q) for the main feedlines. This is followed by two similar 
output blocks displaying computed values of main feedline pressure drops due 
to line friction and configuration losses. The next two pages of output 
contain similar data for the engine feedlines. 


This is followed by a printout of the nominal propellant tank ullage pressures 
required in the two feed systems. These pressure values reflect only the 
requirement implied by the solution of Equation (l). Section 1.1. Thus the 
nominal requirements may be less than the ullage pressure required to 
suppress propellant boiling, as shown in the output for the oxidizer tank. 

The next output block contains a listing of several intermediate quantities. 
These include, in order, 

• Propellant vapor pressure at the liquid surface (ULLVAP) 

• Minimum ullage pressure required for main feedline No. 1 (MINULL) 

• Tank bottom pressure for feedline No. 1 (TNKE0T) 

• Line head pressure components (LINHED) 

• Tank Ullage Volumes (ULLV01 j) 
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• Tank head heights (TNKHED) 

• Ullage vapor weights 

The nominal ullage pressure requirements are checked against the vapor pressure 
requirements in the propellant tank and revised, if necessary, to produce 
minimum required values of ullage pressure. These values are printed in the 
next two output blocks for oxygen and hydrogen feed systems, respectively. 

Revised tank bottom pressures (based on minimum required ullage pressures) 
are output in the succeeding two output blocks. 

The recomputed values of engine inlet pressures (using final minimum ullage 
pressure values) are then printed out. 

The final output block contains a summary of total feedline and insulation 
weights for each of the candidate main feedline sizes. It should be noted 
that zero-values for insulation weights are shown for the hydrogen system, 
since a vacuum- jacketed feed system was specified. 
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Fig. 13 Hydrogen Feed System - Orbiter 040A 
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Table 2-1 

HYDROGEN FEED SYSTEM CONFIGURATION 


SECTION 

COMPONENT 

ID 

IM 

ii 

SPECl 

SPEC2 

SPEC 3 

Main Feed Line 

Sump 

1 

- 

- 

- 

- 

- 


Straight Line 

2 

7 

- 

1.0 

- 

- 


Bellows 

20 

- 

- 

- 

- 

- 


Bend 

3 

7 

- 

9.44 

12.0 

- 


Bellows 

20 

- 

- 


- 

- 


Bend 

3 

7 

- 

9.44 

12.0 

- 


Bellows 

20 

- 

- 

- 

- 

- 


Ball Visor Valve 

15 

- 

- 

- 

- 

- 


Bend 

3 

7 

- 

2.75 

1.75 

- 


Disconnect 

16 

- 

- 


- 

- 


Bend 

3 

7 

- 

0.92 

1.75 

- 


Ball Visor Valve 

15 

- 

~ 

- 

- 

- 


Bellows 

20 

- 

- 

- 

- 

- 

Main Feed Line 

Straight Line 

2 

7 


3.75 

- 

- 

Eng. Line No. 1 

Transition 

8 

7 

- 

1.0 

1.35 

- 


Bellows 

20 

- 

- 

- 

- 

- 


Bend 

3 

7 


3.14 

1.5 

- 


Bellows 

20 

- 

- 

- 

- 


Eng. Line No. 1 

Ball Visor Valve 

15 

- 

- 

- 

- 

- 

Eng. Line No. 2 

Bend 

3 

7 

- 

2.35 

1.5 

- 


Compound Elbow 

4 

7 

- 

7.5 

1.5 

- 


Bellows 

20 

- 

- 

- 

- 

- 

Eng. Line No. 2 

Ball Visor .Valve 

15 

- 

~ 

■ - 

- 

- 

Eng. Line No. 3 

Bellows 

20 

- 


- 

- 

- 


Bend 

3 

7 

- 

2.35 

1.5 

- 


Bend 

3 

H 

- 

9-15 

1.75 

- 


Bend 

3 

H 


5.49 

1.75 

- 


Bellows 

20 

■ 

- 

- 

- 

- 

Eng. Line No. 3 

Ball Visor Valve 

15 

HI 

- 

- 

- 

- 
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Table 2-2 

OXYGEN FEED SYSTEM CONFIGURATION 


SECTION 

COMPONENT 

ID 

IM 

II 

SPECl 

SPEC2 

SPEC3 

Main Feed Line 


1 

_ 

- 

- 

_ 

_ 


Bend 

3 

2 

5 

5.0 

20.0 

0.75 


Bellows 

20 

- 

- 

- 

- 

- 


Bend 

3 

2 

5 

9.16 

13-33 

0.75 


Bellows 

20 

- 

- 

- 

- 

- 


Bend 

3 

2 

5 

4.16 

8.33 

0.75 


Straight Line 

2 

2 

5 

7.0 

- 

0.75 


PVC 

22 

- 

- 

- 

- 

- 


Straight Line 

2 

2 

5 

72.0 

- 

0.75 


PVC 

22 

- 

- 


- 

- 

• 

Straight Line 

2 

2 

1 

5 

4.0 

- 

0.75 


Bend 

3 

2 

5 

4.1 

1.75 

0.75 


Bend 

3 

2 

5 

1.38 

1.75 

0.75 


Straight Line 

2 

2 

5 

4.0 

- 

0.75 


Ball Visor Valve 

15 

— 

- 

_ 


- 


Bellows 

20 

- 

- 

_ 

_ 

- 


Bend 

3 

2 

5 

1.0 

1.27 

0.75 


Bellows 

20 

- 

- 

_ 


- 


Straight Line 

2 

2 

5 

1.5 

_ 

0.75 


Disconnect 

16 

— 

_ 

— 

_ 

_ 


Bend 

3 

2 

5 

4.0 

7.65 

0.75 


Ball Visor Valve 

15 

- 

■ - 

- 

- 

_ 


Bellows 

20 

— 

- 

- 

- 

- 


Straight Line 

2 

2 

5 

7.0 

- 

0.75 


Bellows 

20 

- 

- 

- 

- 

- 

Main Feed Line 

Transition 

8 

2 

5 

1.0 

1.5 

0.75 

Eng. Line No. 1 

Bellows 

20 

- 

- 

- 


- 


Bend 

3 

2 

5 

3.8 

1.5 

0.75 
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Table 2-2 (Cont.) 

OXYGEN FEED SYSTEM CONFIGURATION 


SECTION 

COMPONENT 

ID 

IM 

II 

SPEC1 

SPEC2 

SPEC 3 

Eng. Line No. 1 

Bellows 

20 



- 

- 

- 


Ball Visor Valve 

15 

- 

- 

- 

- 

- 

Eng. Line No. 2 

Bellows 

20 

- 

- 

- 

- 

- 


Bend 

3 

2 

5 

5.5 

1.75 

0.75 


Bend 

3 

2 

5 

3.93 

2.5 

0.75 


Bellows 

20 

- 

- 

- 

- 

- 


Ball Visor Valve 

15 . 

- 

- 

- 

- 

- 

Eng. Line No. 3 

Bellows 

20 

- 

- 

- 

- 

- 


Bend 

3 

2 

5 

4.71 

2.0 

0.75 


Bend 

3 

2 

5 

1.5 

2.86 

0.75 


Bellows 

20 

- 

- 

. - 

- 

- 

Eng. Line No. 3 

Ball Vis or Valve 

15 


“ 


— 

' 
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SAMPLE 

CASE - OPRITEW 

G 0 0 A . 

L fl" PENM‘J 




title 

uumitnimi 







dataelgs 

3 

12 

3 

3 

3 21 




MML.FTr. 

103. 

39 . 







TOTrtL 

120. 

5«9. 


551, 

1691 . 


120. 

120. 

E3L91 

..128, 

181, 


128.. 





e n l •? 1 

26 

a 

5 

7 





MI0LH 

1 








IDMLO 

3 

2 

_5.5_, 


20. 

.75 



idmi n 

20 








1 9 m L 0 

3 

2 

59,1/s 


13.33 

.75 



10*1.0 

. 20 








IDMI.O 

3 

2 

50.16 


8.33 

.75 



Tdmlp 

2 

2 

57. 



.75 



ID*L0 

32 








IDMLO 

2 

2 

572. 



.75 



I9 s 'L n 

22 








IDMLO 

2 

... 2 ... 

.50. .. . 



.75 



IDMLO 

3 

2 

50.1 


1.75 

.75 



IDMLO 

3 

2 

51.38 


1 .75 

.75 



IDMLO 

2. 

2_ 

50 . 



75 



IDMLO 

15 








I0 M L0 

20 








I0ML0 

3 ... 

2 .... 

51. ... 


. 1.27 . ... ... 

.75 



IOML0 

20 








IDMI.0 

2 

2 

51.5 



.75 



IDMLO 

16 








I HM1 0 

3 

2 

50. 


7.85 

.75 



IDMLO 

15 








IDMLO 

... 20 








IDMLO 

2 

2 

57. 



.75 



IDMLO 

20 








idmld 

6 

2 

5.1, . 


1.5 

.75 



idmld 

20 








IDEL01 

3 

2 

53.8 


1.5 

.75 



IDEL.O 1 

20 








I DEL 01 

15 








IDEL01 

20 








IDF.L02 

3 

2 

55.5 


1 .75 

^75 



IDEI.C2 

3 

2 

53.93 


2.5 

.75 



IDELC2 

20 








I DEL 02 

15 








IDF. 10 2 

20 








IDEL.03 

3 

2 

50.71 


2. 

.75 



I0EL03 

3 

2 

51,5. 


2.86 

.75 



IDEL.03 

2 

2 

53. 



.75 



IDEL r '3 

3 

2 

53,8 


1.5 

.75 



I Dt’l. 03 

20 








IDEL03 

15 








IDEL03 

12. 

12. 


12. 

12. 


13. 

10. 

OPD 

f 15. 

... . A*.. . 


.1.7 , 

18, 


19. 

20. 

OPD 

21. 

22. 


23. 





OPD 

10 

5 

0 

6 





MIDl.H 

* 1 








TDMLM 

2 

7 

1 . 






IOMLM 

20 








ID M L W 

3 

7 

9.00 


12. 




IDMI.H 

20 








IDMLH 

3 

7 

9,00 


12, 




IDMLH 

z 20 








idmlh 

15 








IDMLH 
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Table 2-3 

SOPSA INPUT DATA LISTING (CONT'D) 


3 

7 

2.75 


1.75 




IO^LH 

16 








IDMLH 

3 

7 

.92 


1 *75 




mMi h 

15 








IDMLH 

20 








IDMLh 

? 

- 7.. 

J.75 






10*1* 

e 

7 

1. 


1.35 




IOFL*l 

20 








I DEL* 1 

3 

7 

3.19 


1-5 




IDELHl 

20 








I DEL* 1 

15 








IDELHl 

3 

... 7. 

. .2,35 


1.5 




IDELH2 

9 

7 

7.5 


1 .5 




IDELH2 

20 








1DELH2 

L5 _ 








Ton H? 

20 








IOEL*3 

5 

7 

2.35 


1.5 




I DEL* 3 

.1 . 

.7. .. 

9.15 


1.75 




1DELH3 

5 

7 

5.99 


1.75 




IOELH3 

20 








I DEL H 3 

_1_5_ _ 








.. I DEL* 3. 

12. 

12. 


12. 


12. 

13. 

19. 

HPO 

15. 

16. 


17. 


19. 

19. 

20. 

HPO 

21. 

22. 


23. 





..... HPD _.. 

99.5 

-9.5 







HTLN 

1793358. 

290693. 

5503250. 




LOAD 

8^. 

1^9... 


970000 





_ WDJ1J •£. 

162,9 

37. 


ife. 


38.5 

3. 


TF.NJKi 

0. 

.2 


.9 


.6 

.8 

1. 

TIHEA 

1.2 

1.9 


... 1 .6 


1.8 

2,. ... 

2.2 

... LIMEA ..... 

2.9 

2.6 


2.8 


3. 

3.2 

3.9 

TIME A 

3.6 

3.8 


9. 





TIMEA 

0 

_0. ... 


. 0.0.5 . 


.01 

.02 

.085 

WOTFRO 

.082 

.08 


.08 


.1 

.17 

.318 

WOTFRO 

,906 

,619 


.762 


.91 

1.01 

1.02 

wdtfro 

- 1.02 

.1.02 


1.02 





WOTFRP 

0. 

.006 


.013 


.026 

.097 

.081 

wdtfrh 

.165 

.263 


.296 


.26 

.299 

.92 

WDTFRH 

..,51_ 

.7 .. 


.893 


.996 

.999 

1 . 

wdtfrh 

1. 

1. 


1 . 





wdtfrh 

0. 

0. 


.005 


.01 

.02 

.085 

FJFRAC 

...... .082 

. _ .08 


.08 


.1 

_ _ ■ 1 7 .... 

.318 . .. 

FIFRAC 

,9feo 

.619 


.76? 


.91 

1.01 

1.02 

FIFPAC 

1.02 

1.02 


1 .02 





FIFRAC 

8. ... 

8. 


9. 


8. 

6. 

8. 

NP?PQ 

8. 

8. 


8. 


8. 

8. 

8. 

NPSP0 

8. 

8. 


8. 


8. 

8. 

8. 

NPSPO 

_. 8. ..... 

....... 8, 


a, . 





NPSP0 

2. 

2. 


2. 


2. 

2. 

2. 

M P S P H 

2. 

2. 


2. 


2. 

2. 

2. 

K'PSPH 

1 2. ... 

2. 


?. 


2. 

2. 

2. 

NPSPH 

2. 

2. 

• 

2. 





‘IP SPH 

25,. 

25. 


? 5 1 


25, 

25. 

25 . 

“ENHWO 

.?. . 25. 

25. 


25. . 


25. . .. 

25. _ 

.25.,. 

PFMHK'O 

25. 

25. 


25. 


25. 

25. 

25. 

PFNHHp 

25. 

25. 


25. 





PF.NMNC 

- _ .2 0 . . 

... 20. _ 


20. 


20. 

20. 

20. 

PEIJMijH 

'20. 

20. 


20. 


20. 

20. 

20. 

PEWMN'H 

20.' 

20. 


20. 


20. 

20. 

20. 

PENMAiH 

* ,20. . 

20. 


20. 





PE.N.MMH 

0, 

0. 


0, 


0. 

0. 

0. 

PPOGOT 
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Table 2-3 

SOPSA INPUT DATA LISTING (CONT'D) 


0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

PPDG0T 

PPDGCT 

ppdpOT 

0. 

0. 

0. 

0. 

0. 

0. 

PPOGMT ■ 

0. 

0. 

0. 

0. 

0. 

0. 

PPDGHT 

0. 

.. 0 .,. 

0. 

...Cl. .. 

o.__ . _ 

0. 

ppnr,i-ix 

0. 

0. 

0. 




PPDGHT 

190. 

190, 

no. 

190. 

no. 

no . 

T D GO T 

, 19 0.. 

no.__ 

1 Oft. 

1?0l*_ 

_ 1.9 0.. 

4 90 

.. ..TDGDt ..... 

no. 

no. 

190. 

no. 

190. 

no. 

tdgot 

no. 

no. 

no. 




TDGOT 

60 . 

60. 

60. _ 

.... 60.. 

60. ... . 

60 . 

tdghT 

60 . 

60. 

60. 

60. 

60. 

60. 

TDGHT 

60 . 

60. 

60 . 

60, 

60. 

60. 

TDGHT 

60, 

60. 

60. 




. .TD.GhlT 

1 






IGOON 

sample 

CASE - 0RFITE9 0004, HIGH PFNHN 



title 

ooooocooooooiooi 





dataflgs 

60. 

60. 

60 . 

60. 

60. 

60. 

PENM60 

60. 

60. 

60 . 

60. 

60. 

60. 

PPNMNO 

60. 

60. 

60. 

60. 

60. 

60. 

PFMMAiO 

60. 

60 . 

60. 




PFNMK'O 

30. 

30. 

30. 

30. 

30. 

30. 

pem^nh 

30, 

.30. 

... 30. .. 

30.. _ ... 

30. . 

.30 

PENMNH 

30.- 

30. 

30. 

30. 

30. 

30. 

P E N M K; H 

30. 

30. 

30. 




penhnh 

0 






T GOON 
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Table 2-4 

SOPSA OUTPUT DATA LISTING 


sample -Cass.--_oR8.iter -Daoa^-Lo«_pennn. 


I niput :ata for start transient problem considered in this analysis, 


THE NUMBER of line SIZES TO BE CONSIDERED IS 15 
THE PROBLEM CONSIDERS BOTH OXIOJZER AnO FUEL FEED SYSTEMS 

THE NUMBER OF ENGINES FOR THE VEHICLE IS 3 

THE NUMBER OF ENGINES FOR EACH FEED SySTEM IS 3 
THE NOMINAL OXIDIZER ?LOW RATE JS #94,00 LBS/SEC 

THE- NOMINAL FUEL FLOW RATE IS 149,00 LBS/SEC 

THE VEHICLE LOADED WEIGHT IS 3503250,00 LBS 

the nominal thrust for each engine is 470000,00 lbs 

THE BULK OXID, engine INLET TEMPERATURE IS 162,90 DEC, R 

THE BULK FUEL ENGINE INLET TEMPERATURE IS 37,00 OEC.R 
THE COMPONENT PRESSUH£. TOLFRANCE IS 3.00 P SI 

THE 0X10. hEAO HEIGHT IN THE TANK IS 51,784 FT 

THE OXID. HEAD HEIGHT IN THfcFEEQ LINE IS 99,500 FT 
THF F'JPL HEAD HEIGHT JN THE TANK JS 96,106 FT 

THE FUEL HEAD HEIGHT IN THE FEED LINE IS *9,500FT-- 

THE INITIAL ULLAGE VO.UME IN THE OXIOJZER TANK IS 608, C U,FT 

THE INITIAL ULLAGE VO.UME IN THE FUEL TANK IS 1784, cU,fT 

THE INITIAL OXIDIZER .OAOJNG.JS- 1743858, LBS 

THE INITIAL FUEL LOADING JS 29Q643, LBS 

THE EXTERNAL SURFACE AREA OF THE DRO p TANK IS 13653.1 3 q, FT, 

THE EXTERNAL SURFACE AREA OF THE L0X/LH2 BULKHEAD IS U60.2 Sfl.-FU 

THE TOTAL SUHFACE AREA IS THF.REFOHE 14813,4 SQ, FT, 

THE OXYGEN FEEDLJNE D-SIGN PRESSURE IS ,00000000 PS! 

..THE -HYCROGEN.-FEE3UNE- DESIGN. .PRESSURE-4&-, OOOOOOQQ PSI 
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Table 2-h 

SOPSA OUTPUT DATA LISTING (CONT'D) 


THE TANK GEOMETRY INPUT VALUES ARE AS FOLLOWS • i 


Li* 120 • OQo L2s 

549,000 

L3* 351 , 000 L4»1691, 

~00b~Rl«T2O 

.000 R2* 120 

,000 R3( 128,000 R4* 181,000 R5. 128,000 



OXIOIZ£R 

table of peed 

LINES 

LINE DATA 

fuel lines 



diameter 

inches 

LENGTH 

FEET 

k-factor 

diameter 

INCHES 

length 

feet 

k«factor 

12 

iO0 

6,80 

,4143 

12,00 

7,14 


l 4073 

12 

.00 

12,43 

,5499 

12,00 

11,85 


,6368 

12 

.00 

16,31 

.6353 

12,00 

19,99 


,6469 

12 

.00 

143,00 

3,0925 

12,00 

39,00 

1 

,4212 

13 

.00 

143.00 

2,9399 

13, CO 

39,00 

1 

,3322 

1< 

, 00 

143,00 

2.6095 

14 ,0Q 

39,00 

1 

,3493 

IS 

.00 

1«3.00 

2,6970 

15,00 

39,00 

1 

,3214 

16 

,00 

143,00 

2,5991 

16,00 

39,00 

1 

,2975 

17 

.00 

143,00 

2.5133 

17,00 

39,00 

1 

.2/69 

10 

.00 

143,00 

2,4373 

18,00 

39,00 

1 

,2391 

19 

1 no 

143,00 

2,3702 

19,00 

39,00 

1 

,2436 

20 

.00 

143,00 

2.3601 

2Q,00. 

39.00 

X 

■ 2302 

21 

,00 

143.00 

2,3063 

21,00 

39,00 

1 

,2185 

22 

,00 

143.00 

2,2579 

22,00 

39,00 

1 

,2083 

23 

.00 . 

143.00 

2.2142 

23,00 

__ 39,00 

1 

|19?4. 


COMPONENT DESCRIPTORS FOR MaIN OXYG E N FEEOLIN e 


COMPONENT 

TYPE 

MATu 

JNSUL_ 

SPECl_ 

SPEC2 

. . SPEC.? 




1 

1 

0 

0 

,000° 

,0000 

■ oooo 




2 

3 

2 

5 

5,000 

20.00 

.7500 

V 



3 

20 

0 

0 

,0000 

,0000 

1 OOO 0 




4 

3 

2 

5 

9,160 

13,33 

.7500 




5 

20 

0 

0 

,0000 

,0000 

.0000 




6 

3 

2 

5 

4,160 

0.330 

,7500 




7 

2 

2 

5 

7,000 

,0000 

,7500 




n 

22 

0 

0 

,0000 

.0000 

.0000 




9 

2 

2 

5 

72.00 

,0000 

,7500 




10 

22 

0 

0 

,0000 

.0000 

,0000 




li 

z 

2 

5 

4,000 

.0000 

.7500 




12 

3 

2 

5 

4,100 

1.750 

,7500 




13 

3 

2 

9 

1,360 

1.750 

.7500 




14 

2 

2 

5 

4,000 

.0000 

.7500 




15 

19 

0 

0 

,0000 

,0000 

,0000 




16 

20 

0 

0 

,0000 

,0000 

,0000 




17 

3 

2 

5 

1,00° 

1,270 

.7500 




18 

20 

0 

0 

,0000 

,0000 

.0000 




19 

2 

2 

5 

1,500 

,0000 

,7500 




2 n 

16 

0 

0 

,onoo 

.0000 

.0000 




2 i 

3 

2 

9 

4,000 

7.650 

,7500 




22 

15 

0 

0 

,0000 

.0000 

,0000 




23 

20 . 

0 .... 

.... 0... .... 

..0000 

. .0000 . 

.1 0000 ._ 
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Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 


24- 

2 - 

.2 - 

3 

7 , pqO 

, 0000 

.7500 


23 

20 

6 

0 

.6600 

,0000 

,0000 


26 

3 

2 

5 

1,000 

1,500 

,7500 



COMPONENT 

' DESCRIPTORS 

FOR ENGINE 

OXYCEN 

FEEOLINE NUMBER 1 


COMPONENT 

TYPE 

MAT,*. 

_ INSUL SPECl 

SPEC2 

SPFC3 


I 

20 

0 

0 

,0000 

,0000 

,0000 


2 

3 

.. 2 

. .5... ... 

...3,800 

_i ,300... 

,7500 


3 

20 

0 

0 

,0000 

,0000 

,0000 


4 

IS 

0 

0 

,0000 

,0000 

,0000 



COMPONENT 

DESCRIPTORS 

FOR ENGINE 

OXYGEN 

FEEOLINE NUMBER 2 


component 

TYPE 

MATu. 

. INSUL 

SPECl 

SPEC2 SPFC3 


1 

20 

0 

0 

, 000 ° 

,0000 

,0000 


a 

3 

2 

3 

5,500 

1,750 

,750n 


3 

3 

2 

5 

3 j 930 

2 i 500 

,7500 


4 

20 

0 

0 

,0000 

.0000 

.0000 


3 

13 

0 

-- 0 .... - 

,0000 

- ,0000 

... - ,0000 



COMPONENT 

DESCRIPTORS 

for engine- oxygen i 

FEEOLINE NUMBER 3 


COMPONENT 

TYPE 

MAT;.. 

INSUL 

SPECl 

SPEC2 

SPECS 


I 

20 

0 

0 

,0000 

... ,0000 . 

,0000 


2 

3 

2 

3 

4,710 

2,000 

,7500 


3 

3 

2 

3 

1,300 

2,860 

.7500 


- 4-. 

_ . 2 

2 

5 

3,000 

- ,0000 



3 

3 

2 

3 

3’, 300 

1 , 500 

17500 


6 

20 

0 

0 

,0000 

,0000 

,0000 


7 

13 

0 

0 

,0000 

,0000 . 

-- , 0000 - 




COMPONENT OESCRJPTORS FOR MaJN HYDROGEN 

FEEOLINE 


COMPONENT 

TYPE 

mat j 

INSUL 

SPECl 

SPEC2 

SPECS 


i 

L 

0 

0 

,0000 

...,0000 . 

,0000 


2 

2 

7 

0 

1,000 

,0000 

,0000 


3 

20 

0 

0 

,0000 

,0000 

,0000 


4 

3 

7 

Q_ 

9,440 

_ 12 , 00 ._ 

.nnQO 


3 

20 

0 

0 

,0000 

, 0000 

,0000 


6 

3 

7 

0 

9,440 

12,00 

,0000 


7 

20 

0 ... 

.... 0 . . 

,0000 

.. . ,0000 .. 

. -. ..,0000 


8 

13 

0 

0 

,0000 

,0000 

,0000 


9 

3 

7 

0 

2,750 

1.750 

,0000 


_ .10 

16 

.0 

0 

.0000 

.,0000 

.nnoo 


li 

3 

7 

0 

,9200 

1.750 

,0000 \ 


12 

15 

0 

0 

,0000 

,0000 

,0000 


13 

20 

0 

0 

, 000 ° 

.-.,0000 

- ,0000 


14 

2 

7 

0 

3,750 

.0000 

,cooo 



COMPONENT 

.DESCRIPTORS. 

FOR ENGINE: HYDROGEN FEeOLlNE NUMBER 1 


COMPONENT 

TYPE 

MATl 

INSUL 

SPEC! 

SPEC2 

SPEC3 
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Table 2-k 

SOPSA OUTPUT DATA LISTING (CONT'D) 


1_ . . 

8 ... 

7 . 

... . 0 

-It 000 

1.350 

...,oooo _ 

2 

20 

0 

0 

• 0000 

,0000 

,0000 

3 

3 

7 

0 

3,140 

1,500 

,0000 

.. 4 - . 

20 

. . 0 

0 

• 0000- - 

,0000 

. , onon 

5 

13 

0 

0 

• 0000 

.0000 

.0000 


COMPONENT DESCRIPTORS FOR £NfilNEJ4YDR0GEN FEEOl !NE NUMBER 2 

component 

type 

MaTl: 

JNSUL 

SPECi 

SPEC2 

SPEC3 

i 

3 

7 

0 

2,350 

1,500 

,0000 

2 

4 

7 

0 

7,500 

1.500 

,0000 

3 

- 20 . 

0 ... 

0 

_ ,oooo 

,0000 

.pnon 

4 

15 

0 

0 

,0000 

,0000 

,0000 


COMPONENT DESCRIPTORS FOR ENCIN6 HYOROCEN FEEOl [N£ NUMBER 3 

component 

TYPE 

MAT U ; 

JNSUL 

SPECi 

SPEC2 

SPEC3 

i 

20 

0 

0 

,0000 

,0000 

.oooo 

2 

3 

7 

0 

2,350 

1.500 

,0000 

3 

3 

7 

0 

. 9,150_ 

.1,750 

.n0Q0 

4 

3 

7 

0 

5,490 

1,750 

,0000 

3 

20 

0 

0 

• oooo 

,0000 

,0000 

-6 

15 

3 

0 

-jJLQJJO 

,-BttJO 

lOMQ 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 



THE 

THE DEPENDENT PERFORMANCE 

CHARACTERISTIC 

INPUT 

VALUES ARE 

AS FOLLOWS 

• $ 



-TIME 

-NPSPO 

-N2SPH _ _ 

-WDTFR0 

-WOTFRH 

- _eli.fR Ac 

PENMNO 

-PENMNH 

ppnr.nT 

PPnr.HT 

TDGOT 

TnGMT 

,00 

a, 00 

2.00 

,000 

,000 

.oon 

25,00 

2D, 00 

,00 

,00 

190,00 

60,00 

,20 

a, 00 

2.00 

,000 

,006 

.000 

25,00 

20,00 

,00 

,00 

190,00 

60,00 

,40- 

-8,00 

2,00 

,005 

-.013 

.005 

25,00 

?u,no 

. nn 

.00 

190,00 

An . nn 

,60 

8,00 

2.00 

,010 

,026 

.010 

25,00 

20,00 

,00 

,00 

190,00 

60,00 

,80 

8,00 

2.00 

,020 

,047 

,02q 

25,00 

20,00 

,00 

,00 

190,00 

60,0.0 

... 1,00 

8,00 - 

- 2.00 — 

,085.. 

-.081 

08S 

25,00 

20,00 

,no 

,00 

190 , 3O 

60 , ng 

1,20 

8,00 

2.00 

,082 

,165 

.082 

25,00 

20,00 

,00 

,00 

190,00 

60,00 

1,40 

8,00 

2.00 

.080 

,263 

,08o 

25,00 

20,00 

,00 

,00 

190,60 

60,00 

4,60- 

8,00 

2.00 

,nno 

,?46 

.... . .O80 

25,00 

2>j,nn 

, no 

. 00 

log , 00 

An . nn 

1.80 

8,00 

2.00 

.100 

,260 

.100 

25,00 

20,00 

,00 

,00 

190,00 

60,00 

2,00 

8,00 

2.00 

,170 

,294 

,17o 

25,00 

20,00 

,00 

,00 

190,00 

60,00 

2,20 

8,00 

. -2,00 

-.318 

,420 

.314 

25,00 

70,nn 

, no 

. 00 

190 , 00 

An . nn 

2,40 

8,00 

2.00 

,466 

,510 

.466 

25,00 

20 joo 

,00 

,00 

190,00 

60,00 

2,60 

8,00 

2.00 

.614 

,700 

.614 

25,00 

20,00 

,00 

,00 

190,00 

60.00 

-5-, -80- 

8,00 

-2,00 

. 762- 

• ,893 

~. 762 

-25,00 

?o,on 

,nn 

,00 

190.00 

60 1 00 

3,00 

8,00 

2.00 

,910 

,996 

.910 

25,00 

20,00 

,00 

,00 

190,00 

60,00 

3,20 

8,00 

2.00 

1,010 

,999 

l.Olo 

25,00 

20,00 

,00 

,00 

190,00 

60,00 

-3,4.0 

8,00 - 

- -.2,00- 

-1.020 

1,000 

1.02o 

25,00 

20,00. 

,00 

,00 

190,00 

60 , 00 

3.60 

8,00 

2.00 

1.020 

1,000 

1.02o 

25,00 

20,00 

,00 

,00 

190,00 

60, GO 

3,80 

8,00 

2.00 

1,020 

1,000 

1.02q 

25,00 

20,00 

,00 

,00 

190.00 

60,00 

-4,00- 

- ' 8*00 

2*110 — 

1*020- 

4*1100- 

1*020 

—25-1.00 

2ti*aQ_ 

,00 

,00 

19.0j.QJL 

.6 0-i.Q.G... 
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Table 2-1 

SOPSA OUTPUT DATA LISTING (CONT’D) 

SA^Pt.F CASE , OR B I T ER 040A, LOW PE-NHN 


IfiANS, .. 

. -WODQT 

... .WD30I 

VEHICLE 

T/W 

_delphq 

DfLPHD 

PROP-O 

PROP-F 

PROP-TOT 

PENO 

Pp.NC. 

time 

0XID, 

fuel 

WEIGHT 

RATIO 

0*10, 

FUEL 

INC* 

INCR 

CUM 

OXID 

FUEL 

.00 

.20 

.40 

,000 

4,470 

5503249,75 

1,000 

74,49 

2,65 

,030 

,268 

,268 

25,00 

20,00 

22,350 

5,215 

5503247,56 

1,000 

74,49 

2,65 

1,341 

,849 

2,458 

25,00 

20.00 

22,330 9.683 

5503241.81 -1. 030 

74.49 

2.65 

4,023 

1.743 

8.225 

25. 00 

20,-00 

.60 

... ,80 

44,700 

15,645 

5503230.56 

1,000 

74,49 

2,65 

8(046 

3,263 

19,534 

25,00 

20,00 

1.00 

290,550 

25,330 

5503196,6’ 

1,000 

74,49 

2,65 

28,161 

5,722 

53,416 

25,00 

20,00 

-11,410 

62.380 5503140.94 

l.QQn 

74.48 

2.65 

44, 7»? 

10.996 

109,202. 

-29,00 

20jQO 

1,20 

-1.40 

■8,940 

73,010 

5503078.37 

1.000 

74,48 

2,65 

43,448 

19,132 

171.782 

25,00 

20,00 

1.60 

,000 

89.400 

••12.665 

10.430 

5503012,75 1,000 

5502941.87 1.000 

74.48 

74.48 

2.65 

2.65 

42,912 
48 ,276 

22,752 

22j618 

237,446 

308j341 

25.00 

29.00 

20,00 
20j 00 

1.80 

2.00 

312. ’00 

25,330 

3502844.79 

1.000 

74,48 

2,64 

72,414 

24,764 

405,518 

2 3,00 

2n,00 

2,20 

661,360 

661,560 

93,870 

67.050 

5502682,00 
55Q24 3Q. 19_ 

1,000 

1.000 

74.47 

74.47 

2,64 
?,‘4 

130,842 
210., 269 

31,916 

41,571 

568,316 

820.156 

29.00 

25.00 

20,00 
26,00 

2,40 
2.60 . 

661,560 

141,550 

5502086,50 

1,000 

74,46 

2,64 

289,656 

54,087 

1163,899 

29,00 

26.00 . 

2.80 

661,560 

661.360 

143,785 

76.733 

5501646,25 

5501113.44 

1,000 
1.000 

74,45 

74.43 

2.64 

2.64 

369,013 
448, 43Q 

71,207 

84,438 

1604,149 

2137.Q18 

25,00 

25,00 

20.00 

20,00 

3,00 

3.20 

447,000 

2,235 

5500509.37 

1,000 

74,42 

2,64 

514,944 

89,176 

2741,138 

25,00 

20,00 

3.40 

44,700 

.000 

,745 

t noo 

5499875,62 

5499239.12 

1,000 
1.000 

74,40 

74.39 

2.64 

2.64 

544,446 

547,128 

89,355 

89.400 

3374,939 

4011.467 

25.00 

25.00 

20,00 

20.00 

3.60 

3.80 

,000 

,000 

5498602,62 

1,000 

74,37 

2,64 

547,128 

89,400 

4647,995 

25,00 

20,00 

4.00 

,000 

,000 

5497966,12 

1,000 

74,35 

2,64 

547,128 

89,400 

5284,523 

25,00 

26,00 
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Table 2-b 

SOPSA OUTPUT DATA LISTING (CONT'D) 

— SAMPLE— CASE-*- QR8 I-TER— 0 4 0 A »— LOW— PENMn ■...OXYGEN-SuPPLY-SYSTEM. 


DELTa-P to supply ACCELERATION head 


DELTA 

time 

12,0 INCH 
MAIN LINE 

(3,0 INCH 
MAIN LINE 

14,0 INCH 
MAIN LINE 

13,0 INCH 
MAIN LINE 

16,0 INCH 

main line 

17,0 INCH 
MAIN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 

main line 

20,0 INCH 
MAIN LINE 

21,0 INCH 

main line 

22.0 INCH 

main L'ine 

23,0 INCH 

Main line 

.00 

,20- 

• 000 

,000 

• ooo 

,000 

.000 

,000 

,000 

,000 

,000 

,030 

: ooo 

,000 

,40 

2.633 

2,245 

1,936 

1,686 

1.482 

1,313 

1,1*1 

1,051 

,949 

,860 

1 784 

,717 

2.633 

-2+24 5 

1,936 

1,686- 

1,482. 

1,313 

1,1*1 

1,051 

.949 

.860 

1 784 

.717 

,60 

,00- 

3,270 

4,491 

3,872 

3.373 

2.963 

2,626 

2,342 

2,102 

1.897 

1.721 

1 1 568 

1.435 

1,00 

34.257 

29,18? 
~1,347 

25,168 
*1+162_ 

21,924 

■1,012 

19.269 
b-,089- 

17,069 

•t788 

15,225 
■ , 7G3 

13,665 

*,631 

12.332 

*,589 

11,186 
...31 A 

101192 

9,325 

*,43n 

1,20 

1,40- 

*1.054 

-,898 

*,774 

••673 

-.593 

*,525 

>,468 

-.420 

*.379 

*,344 

■1314 

*,287 

1,60 

.000 

10.5-4.1 

,000 

8.9B1 

,000 
Z,Z44_ 

,000 

-4.746. 

.000 
5^929- 

,000 

8.252 

,000 

4,685 

.000 

4.205 

,000 

3.795 

,000 
3,442_ 

: ooo 

3 1 136 

,000 

2,869 

1 1 60 
-- 2*00 

36,092 

31,433 

27,104 

23,611 

20.752 

18,382 

16,396 

14,716 

13,281 

12,046 

101976 

10,042 

2,20 

78.000 
78 , QOQ 

66,462 

66+462 

37,306 

5Z+30&- 

49,920 
19,920- 

43.875 

43.873. 

38.865 

30.865 

34,667 
J 4,667_ 

31,114 
31, lit. 

28.080 

28.080 

25.469 

25.469 

231207 

23l?n7 

21,233 
21,233- 

2,40 

2,60 

2,60 

78,000 

66,462 

57,306 

49,920 

43,875 

38.865 

34,667 

31,114 

28,060 

25.469 

231207 

21.233 

78,0-00 

70,000 

66,462 
66,462 

57,306 
57,306 

49,920 

19,920- 

43,875 

13,87.5. 

38,865 

38.B65 

34,667 

34,667 

31,114 
31,114 

28,080 
28.«08.Q_ 

25.469 

25.469 

231207 

231207 

21.233 

21.233 

3,00 

3,20 

3,40 

32.703 

44,907 

38,720 

33.730 

29,645 

26,260 

23,424 

21,023 

18,973 

17,209 

151680 

14,346 

5,270 

..000 

4,491 

,000 

3,872 

,0.0.0. 

3,373 

.000 

2.965 

_J305L 

2,626 

.ODD 

2,342 

,000 

2,102 

.000 

1,897 

,000 

1,721 

.000 

1 1 568 

looo 

1,435 

.000 

3,60 
3, B0 

.000 

,000 

,000 

,000 

.000 

.000 

,000 

,000 

,000 

,000 

looo 

,000 

.000 

,000 

,000 

,000 

.000 

,000 

(000 

,000 

,000 

,000 

looo 

,000 


4 1 00 


96 £t 66a -oswi 



Table 2-k 

SOPSA OUTPUT DATA LISTING (CONT'D) 


S4.nPLE_CASt_.-_.0R3 1 TER_0.40 Ai.._LQ«. PENMN - HYDRQOEN SUPPLY .SYSTEM 

DEL T A"P to SUPPLY ACCELERATION head 



DELTA 

12,0 Inch 

13,0 INCH 

14,0 INCH 

15,0 INCH 

16,0 INCH 

17,0 INCH 

18,0 INCH 

19,0 INCH 

20,0 INCH 

21,0 INCH 

22.0 Inch 

23,0 INCH 



TIME 

main line 

MAIN line 

MAIN LINE 

MAIN LINE 

main line 

MAIN LINE 

MAIN LINE 

Main LINE 

MAIN LIKE 

MAIN line 

main Line 

main line 



.00 














r 


.144 

,122 

,106 

,092 

.081 

,072 

,064 

,057 

.052 

,047 

: 043 

,039 


0 

,20. 














0 


.168 

,143 

,123 

.107 

.094 

,084 

,075 

,067 

,060 

,055 

1050 

.046 



,40 











:o93 



X 


. 3i 1 

,263 

.229 

,199 

.175 

.155 

,138 

.124 

.112 

,102 

.085 


PI 

n 

,60 










,164 


.137 


o 

,60 

■ 9o3 

,42> 

,370 

.322 

.283 

,251 

,224 

,201 

.181 

; iso 




2 

,8i4 

,694 

,598 

.521 

.458 

,406 

,362 

,325 

,293 

,266 

1242 

.222 


55 

V) 

r 

m 

1,00 

2.0i 2 

1,713 

1,478 

1.288 

1.132 

i.003 

,894 

.803 

.724 

,657 

1.599 

.548. 


1,20 
_ 1,40 

2,348 

2,000 

1,725 

1.503 

1.321 

1.170 

1,043 

.936 

.845 

,767 

1698 

.639 


(1) 

- • 4oT 

-.34? 

• ,299 

-.261 

..229 

-.203 

• 1 141 

-.162 

•.147 

-.133 

• 1121 

-.111 


9? oo 
to 

(/) 

D 

1,60 

.335 

.286 

.246 

.215 

.189 

.167 

.149 

.134 

.121 

,110 

IlOO 

,Q91_ 


1,80 










.266 


,222 


> 

0 

2,00 

,8l4 

,694 

,598 

.321 

.458 

,406 

,362 

.325 

,293 

■ 242 


m 

2,20 

3,018 

2,572 

2,218 

1.932 

1.698 

1.504 

1,342 

1,204 

1,087 

,986 

1896 

,822 


0 

o 

2.156 

1.837 

1.584 

1.380 

1.213 

1,074 

,938 

.660 

.776 

.704 

:64i 

.567 


2 

TJ 

> 

2,40 

2,60 

4.552 

3,878 

3,344 

2,913 

2,560 

2,266 

2,023 

1,616 

1,639 

1,486 

l!354 

1,239 


z 


4,623 

3,940 

3,397 

2,959 

2,601 

2.304 

2,055 

1,844 

1.664 

1.510 

1.376 

1.259 


•< 

2,80 











.672 



2.467 

2,102 

1.813 

1.579 

1.386 

i.229 

1,097 

,984 

,886 

,006 

1 734 



3,00 

3,20 

.072 

,061 

,053 

,046 

,040 

,036 

,052 

,029 

,026 

,023 

« 021 

.020 



.024 

,023 

,018 

.015 

• 

o 

,012 

,011 

,010 

,009 

,008 

l007 

,007 



3,40 

. QnQ 

.000 

,000 

.000 

.000 

,000 

,000 

.000 

_i000 

,000 

1 000 

.000 

£ 

CO 

o 


3,60 











iooo 

,000 


m 

a 

a 

o 

,003 

,000 

.000 

.000 

,000 

,000 

,000 

,000 

,000 

1 

> 


3,80. 













VO 


• OoO 

,000 

,000 

.000 

.000. 

o 

o 

o 

,000 

,000 

.000 

,000 

: ooo 

,000 

VO 

H 


4,00 













OO 

VO 
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Table 2-b 

■SOPSA OUTPUT DATA LISTING (CONT'D) 

Sample case * -qrb i ter o4oa,-low..penmn- oxygen. § up ply— system 


3ELTA+P OUE TO LINE FRICTION &N0 CONFIGURATION LOSSES 


DELTA 

time 

12,0 INCH 
MAIN LINE 

13,0 INCH 
MAIN LINE 

14,0 INCH 
main line 

l5,0 INCH 
MAIN LINE 

16,0 INCH 

main line 

17,0 INCH 
MAIN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 
Main line 

20,0 tNCH 

main line 

21,0 INCH 

main line 

22,0 INCH 

main Line 

23,0 INCH 
main line 

,00 

,20 

.0000 

,0000 

,0000 

,0000 

,0000 

,0000 

,0000 

.0000 

t 

,0000' 

,0000 

,0000 

,0000 

,40 

.3431-03 

,2368-03 

,1682-03 

, 1226-03 

,9124-04 

,69 2 3-04 

,5342-04 

,4184-04 

,3393-04 

,2728-04 

,2217-04 

,1820*04 

_ + 3oB8nr>2 — ,2131»02 — 

_, 1514-02- 

— 1-1103-02- 

—,8211-03- 

-.6230*03. 

4807-03 ,3766*03 ,3054-03.. 

—, 2455-OJ. 

_a’96-.03. a639-03_ 

1 60 

... _ , 80 

.1235-01 

,8525-02 

,6057-02 

,4412-02 

,3285-02 

.2492-02 

i 1Y23-02 

,1506-02 

,1222-02 

,9821-03 

,7983-03 

,6553*03 

1,09 

.1513*00 

,1044+00 

.,7420-01 

.5405-01 

,4024-01 

.3053-01 

,2356-01 

,1845-01 

,1497-01 

,1203-01 

,9779-02 

,8027-02 



.3g?7+oo 

,264 2*00 

..,1877+00 ,i367*on_ 

» lQia + nO ^7.733-01 

,5959-01- 

_ -4667301 

,4392-01 

.3786-01 »3n43r01 .2474*01 

, 2031-01 

1,20 
i . zn 

.3602*00 

,2486+00 

,1766*00 

,1287*00 

,9578-01 

,7267-01 

,5607-01 

,3562-01 

,2864.01 

,2328-01 

•l’ll-Ol 


.3513*00 

,2425+00 

,1723*00 

,1255*00 

,9343-01 

,7o8’*01 

,5470-01 

.4284-01 

,3475-01 

,2794-01 

,2271-01 

,1864.01 

1,60 

_ *A446*oO ,3069*00- 

,2180*00— 

-.1588+00 — ,1182+00- 

-,8972-01. 

_,6?23*Q1 ,5422*01 

.,4398-Qi ,3536-0l_ 

2 » 74 -01_a.2359-.Ql_ 

1 1 ®0 
.? .no.. 

.1000*01 

,6905*00 

,4906*00 

,3574*00 

,266o*00 

,2oi9*00 

,1558*00 

.1220*00 

,9895-01 

,7955-01 

,6466-01 

,5308-01 


.3268*01 

,2256*01 

,1603*01 

•1167+01 

, 869 1*00 

,6594*00 

,5088*00 

,3986*00 

,3233*00 

,2599*00 

,2112*00 

.1734+00 


a435>0l— ,5822+01 ,4137+01 — ,-3013*01 — ,2243+ol_ ,17 q2+01 — ,1213*01 ,1029*01 ,8343*00 .670Z+00 ,5452*00 ^44Z5*0Q_ 


2,40 

,1601*02 

,1105+02 

,7850+01 

•5718+01 

,4257+01 

,3230+01 

,2492+01 

,1952+01 

,1583+01 

,1273*01 

,1033+01 

,8493+00 


,2998+02 

,1793+02 

,1274+02 

.9282+01 

,6910+01 

.5243+01 

,4045+01 

.3169+01 

,2570*01 

,2066*01 

,1679+01 

,1379*01 

2 , BO 

-,3837+02 — ,2648+02 — 

1881+02 — ,4.371 + 02- 

--,1020+02— 

-.7741+01- 

_,5?73+01 

-.4679+01 ,3795+01 ,3051+01 ,2486+01- 

— ,2035.+Ql_ 

3 , 00 

,So59+o2 

,3492+02 

,2481+02 

•1807*02 

,1345+02 

,1021*02 

,7877+01 

,6170+01 

,5004+01 

,4023*01 

,3276+01 

,2684+01 

3,20 

.5655+02 

,3903*02 

,2773*02 

,2020+02 

,1504*02 

,1141+02 

,8805*01 

,6897+01 

,5594+01 

74497*01 

,3655+01 

“Tiobb+oT 

3,40 

,5711+02. 

,39.42+02— 

_,2801*fl2- 

—..2040*02- 

-,1519+02 ,1152+02 ,8892+01— 

-J> 9.65+01 ,5 6,41+01 .45,41+01 ,3A9.L+Q1— a.3 Q30+Q1_ 

3 1 60 
i .no 

.5711+02 

,3942+02 

,2801*02 

,2040+02 

,1519*02 

,1152+02 

,8892*01 

,6965+01 

,5649*01 

,4541*01 

,3691+01 

,3030+01 


.5711*02 

,3942+02 

,2801+02 

,2040*02 

,1519*02 

,1152+02 

,8892+01 

,6965+01 

,5649*01 

,4541*01 

,3691+01 

,3030+01 


4,00 


?6£l66y-osra 



LOCKHEED MISSILES 8t SPACE COMPANY 


Table 2-k 

SOPSA OUTPUT DATA LISTING (CONT’D) 

sample case - orbiteroioa, low p&nmn - hydrogen supply system 

3ELTA-P DUE TO LINE FRICTION AND CONFIGURATION LOSSES 


►P- 


DELTA 

12,0 Inch 

£3,0 INCH 

14,0 INCH 

l5,0 INCH 

16,0 INCH 

17,0 INCH 

1B,0 INCH 

19,0 INCH 

20,0 INCH 

21,0 INCH 

22,0 Inch 

23,0 INCH 

time 

MAIN LINE 

MAIN LINE 

main line 

MAIN LINE 

main line 

MAIN LINE 

MAJN LINE 

main line 

main line 

MAIN LINE 

main L'ine 

Main LINE 

• 00 
• 20 

,10l 7 -03 

,7183-04 

,5213-04 

,3874-04 

,2938-04 

.2269-04 

,1780-04 

,1416-04 

,1141-04 

,9299-05 

,7655-05 

.6361-05 

• 40 

.1020-02 

,7202-03 

,5227-03 

.3885-03 

,2946*03 

,2275-03 

,1785-03 

,1420*03 

,1144-03 

,9325-04 

,7677-04 

,6379-04 

.4998*0% 

,3035-02 

,2202-02. 

.1637-Q? 

1241-02 .9586-03 .7521-03. 

5984-03. 

_ ,4821-03. 

,3929-03 

i3?34-03 , 2488^03 

• 60 
• 80. 

,1308-01 

, 1063-01 

,7717-02 

,5734-02 

,4349-02 

,3359-02 

,2635-02 

,2096-02 

,1689-02 

,1376-02 

,1133-02 

,9416-03 

1 1 GO 

,4629-01 

,3269-01 

,2372-01 

» l 7 63r01 

,1337-01 

,1033*01 

,8101-02 

.6446-02 

,5193-02 

.4232-02 

,3484-02 

,2895-02 

110+00 

.,1207*03 

.8763-01^ .65l2e01_ 

»A?39-0l_ 

,38i4-01_ 

l2?92-01_ 

2381-01 .»19.18.t01 *1563701 ,1287-01. 

il06?_-Dl_ 

1(20 

1.40 

,5l76*oO 

,3655*03 

,2653+00 

,1971*00 

,1495+00 

,1155+00 

,9058-01 

,7207-01 

,5806-01 

.4732-01 

,3895-01 

.3237*01 

, 7321*00 

,5169*00 

,3752+00 

.2788*00 

,2115*00 

.1633+00 

,1281*00 

.1019*00 

,8212-01 

,6692-01 

,5509-01 

,4578*01 

1 • 60 

.7235*00 .5108*nn .3707*00 

,2755+00 .2090+00 

__ 1 16l4*0Q 

.1266*00 .1007*00 .8116-01 .6613-01 ,5*45-01 

,4524-01 

1.80 

2(00 

,8672+00 

,6123-00 

,4444*00 

.3303*00 

,2505+00 

,1934*00 

,1518+00 

,1207*00 

,9728-01 

,7928-01 

,6526-01 

,5423*01 

2.20 

,1440*01 

,1017+01 

,7382*00 

,5486+00 

,4161*00 

,32i3*00 

,2521*00 

,2006*00 

.1616*00 

,1317*00 

,1084+00 

,9008-01 

. 2444*01 

.1726*01 

1252+01. 

. 9307*00 .7359+00 .5451*00 

,4277+30 

3403+00 

1 2742+OQ 

,2234+00. 

,1839*00. 

,1528*00. 

2.40 
2 • 60 

,4l37*ol 

, 2921+01 

,2120*01 

•1575*01 

,1195*01 

,9228+00 

,7239+00 

,5760+00 

,4641*00 

,3782+00 

,3113+00 

,2587*00 

2.80 

.7170V01 

,5063*01 

,3675*01 

,2731*01 

,2071*01 

,1599+01 

,1255*01 

,9983*00 

,8044*00 

,6555+00 

,5396+00 

,4464*00 

i1OO 0 + Q2 

j7U9*Jli 

,5167+01 

•384Q L *gi. 

i2?l2+Ql i??49 + 01 .1764*01 

,1404*01 iil3t*01_ 

.9217*00 

_, 7584*0.0. 

.6305*00 

3,00 
3 1 20 

.1125+02 

,7941-01 

,5763*01 

,4283+01 

,3248+01 

, 25q8*01 

,1»6»*01 

,1566*01 

,1262+01 

. 1028*01 

,8463*00 

.7033*00 


.1129*02 

,7973*01 

,5766*01 

•4300+01 

,3261*01 

, 2519+01 

.1976*01 

.1572*01 

,1267*01 

,1032*01 

,8497+00 

.7061*00 

3 .40 

. li 30*o2 

_l7981*oj L 

a57?2+0J, 

.4304*01 .3265*01 

.2521*01 

,1978+31 

.1574*01 

.1268+01 

_.tlJ?33*01_ 

,8506*00 

.7068*00 

3,60 
. 3.80 

.1130*02 

,7981+01 

,5792*01 

,4304*01 

,3265+01 

,2521+01 

,1978+01 

,1574*01 

,1268*01 

,1033+01 

,8506+00 

,7068*00 

.1130*02 

,7981*01 

,5792*01 

,4304+01 

,3265+01 

,2521*01 

,1?78+01 

,1574+01 

,1268+01 

,1033*01 

,8506+00 

,7068*00 


OQ 


IMSC-A991396 



LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 

S A 4RLE--CA SE - a— ORB I TER— 04Q4 ,— LDW._P£NMn sOXYGEN-.ENG 1NE..FEEDLJ NE -SYSTEM. 


DElTA-P TO SUPPLY ACCELERATION HEAD qELTA-P DOE to lime FRICTION AND CONFIGURATION LOSSES 


DELTA 

time 

, nQ 

engine engine 

LINE NO 1 ;.INE NO 2 

ENGINE 
LINE NO 3 

ENGINE 
line NO 4 

ENGINE 
LINE NO 1 

ENGINE 
LINE NO 2 

ENGINE 
LINE NC 3 

engine 

LINE NO 4 

• 20 
. 40 “ 
,60 

,00000000 ,00000000 ,00000000 

,4l769U0-Ql-,7635l536*0L-, 98341784*01- 

,41769109-01 ,76351536-01 ,98341782-01 

,00000000 

-.00000000 

,00000000 

,00000000 
_,ai065396-»05. 
, 45958857*0? 

.00000000 

67791624-05. 

,61012462-04 

i OOOOOOQO 
..^78310665*03. 
,70479599*04 

,00000000 

..OOOOOQQQ 

,00000000 

1 BO 
l.OO 

1 ■ •3D 

,83538221-01 .15270308 

,54299843 ,99256998 

-,25061462-01-, 45810915-01- 

,19668357 

1.2784432 

-,59005060-»01 

,00000000 
-.03000000 — 
,00000000 

.18383543*03 

—.22519839*02 

,56966513*02 

,24404985-03 

.,29896106-02. 

,75625624*02 

,28191840-03 

..,34535003*02. 

,07360246-02 

.oooooboo 

.,00000000 

,00000000 

1.40 
1.60 
1 . Ad 

-,16707646-01-, 30540619-01- 

- ,00000000 - ,00000000 

,16707643 ,30540613 

-,393367l9„0l 

-,00000000 

,39336711 

,00000000 
-.00000000 — 
,00000000 

,93606410*02 

—.52290966*02- 

,66180752*02 

,71164935*02 

.,69418623*02. 

,87857944*02 

,82207404*02 

,80190120-02. 

,10149062*01 

,00000000 

..,00000000 

,00000000 

2 1 00 
2.20 

,58476748 1,0689214 

1j 2363637. 2,2600056 

1,2363655 2,2600053 

1.3767848 

2.9109170 

2,9109165 

, OQOOOOOO 

,00000000 — 
,00000000 

,14890669*01 ,19768038-01 ,22835390-01 ,00000000 

, 4864 36 7 HOI— ♦ 6457 6673=01_,74 596860'Ql—» 0 0000000 

,12555061 ,16667411 ,19253648 ,00000000 


1.2363657 2,2600056 

2.9109170 

.00000000 

.23825071 

,31628860 

,36536624 

,00000000 

2 1 60 

1,2363655 2,2600053 

-2,9lc9l65 

..ooonoooo 

,38674399 

.,51342013 

,59309614 

,00000000.. 

2.80 
T . OQ 

1,2363657 2,2600055 

2,9l0 9 168 

,00000000 

,57103042 

,75806872 

,87569617 

,00000000 


,83538232 1,5270310 

1,9668359 

,00000000 

,75298991 

•99962818 

1,1547378 

,00000000 

3.20 

... ,83538133-Ql ,15270291.—... 

.,19668336 . 

.,00000000 

84174157 

1,1174300 

.1,2908417 

,00000000... 

j 1 40 
3 t 6Q 

,00000000 ,00000000 

,00000000 

,00000000 

,83005499 

1,1284865 

1,3033906 

,00000000 


,00000000 ,00000000 

,00000000 

,00000000 

,83005499 

1,1284865 

1.3035906 

,00000000 

3 1 #0 

,00000000— .. ,00000000 

.,00000000 

^00000000 

.85005499 

1,1284965 

..U3035906 

_,ooooo.ppo_ . 


4 iO0 


IMSC-A991396 



LOCKHEED MISSILES Be SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 

SAMPLE C A SE”_ ORB I TE R 0 4 OA .-L9 W PENMhl -HYOROCEN..EN51NE . FEEDLINE.- SYSTEM 

OElTA^P TO SUPPLY ACCELERATION HEAD OELTA-P DUE TO LINE FRICTION AND CONFIGURATION LOSSRS 


DELTA 

TIME 

• oo 

ENGINE 
LINE NO 1 

ENGINE 
^JNE NO 2 

ENGINE 
L I N E NO 3 

ENGINE 
LINE NO 4 

ENGINE 
LINE NO 1 

ENGINE 
line NO 2 

ENGINE 
. LINE NO 3 

ENGINE 
LINE NO 4 


,87715138-02 

,14557779*01 

,24957809*01 

,00000000 

, 32394354*05 

,50801058*05 

,67332826-05 

,00000000 

• 20 

,10233433-OL 

.16984076*01 

.28650777-01 .QOOODOOO 

.32484338*04 ,50942172*04 

j675399i7*04 

_,QOOOOOOO 

1 AO 

,*n 

,19004946-01 

,31541854-01 

,53208584-01 

,00000000 

,13686614*03 

,21463447-03 

,28456569*03 

,06000000 

• BO 

,30700298-01 

,30952227*01 

,85952330*01 

•oooooooo 

,47952643*03 

,75199678*03 

,99700893*03 

•OOOOOOOO 

,49709245-01. 

.82494083*01 .13916092 

-.OOOoOOOO 

, 14743Q3Q*Q2_ 

,23l20i26*02_, >0653019*02—. 000 OOPOO._ 

1,00 

1,20 

,12280119 

.20380890 

,34380931 

(OOOOOOOO 

,54454909*02 

,85396380*02 

,11322010-01 

,00000000 


,14326806 

.23777706 

,40111087 

.OOOOOOOO 

,16483687*01 

,25849836*01 

,34272112-01 

,00000600 

1 ,40 

- ,24852625-01- 

*, 4l247046-01r 

. 69580465-J31_. OOOoOOOQ 

.23313226*01 

,36559969*01-, 48471770-01- 

_,oooooooo._ 

1,60 
I 1 AO 

,20466868-01 

,33968156-01 

,37301561*01 

•oooooooo 

,23039224*01 

,36130277*01 

,47902078-01 

,00000000 

2,00 

,49705238-01 

,82494070*01 

,13*16090 

i oooooooo 

,27617627*01 

,43310160-01 

,37421277-01 

,00000000 

,18420180 

.30571339 

.31971401 

oooooooo 

.45B73645*Q1_i 71939379*51_ 

,95378337*OL_.00000000_ 

2,20 

>.40 

,13157269 

.21836666 

,36836708 

•oooooooo 

,77827437*01 

,12204954 

,16181517 

,00000600 

2,60 

,27776463 

,46099638 

,77766400 

.OOOOOOOQ 

,13174604 

,20660508 

,27392020 

,00000000 

,28719033 

,46827518 

-478*94279 

.OOOOOOOO 

,22834861 

j 35809793 

.47477176 

^oooooooo 

2 , eo 

3. n0 

,19057766 

,24990856 

,42157574 

■ OOOOOOOO 

,32109293 

,50354023 

,66760140 

.oooooooo 

3,20 

,43857531-02 

,72788867-02 

,12278099*01 

•OOOOOOOO 

,35813983 

,56163745 

,74462758 

,00000000 

,1461*218-02 

-.24263012-02 

.40*29760*02 .OOOQOOOO 

,35*57.7.42 

.56389189 

.74761655 

_,00000000 

3,40 

-liCO 

,00000000 

,00000000 

,00000000 

,00000000 

,35*93727 

,56445621 

,74836475 

,00000000 

3,60 

,00000000 

,00000000 

•oooooooo 

•OOOOOOOO 

,35993727 

,56445621 

,74836475 

,00000000 

- iPQOOQQQQ 

-.000.00000 1 -QQOOQ.QOQ 

- 4 -QOQOOOOO 

.33993717 

.56445621 

.74836478 

flflO.9JlQ.M_ 


4,00 


96 £t 66 y-dswi 



LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 

SA>1PUE-CAS£..p„0RBlTER‘040Ai4.0W.PENMN - OXYGE^SUPELY-SY-SIEI!. 


ULLAGE PRESSURE REGJJREO FOR 3 ENGINE OPERATION 




DELTA 

TIME 

12.0 INCH 
MAjN LINE 

13,0 INCH 
MAIN LINE 

14,0 INCH 
MAIN LINE 

15,0 INCH 
MAIN LINE 

16,0 INCH 

main line 

17.0 INCH 
MAIN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 

main line 

20,0 INCH 

main line 

21,0 INCH 
MAIN LINE 

22,0 Inch 23,0 inch 
main l'ine main line 

• 00 
.20 
• 40 

046.486 

•46 .486 

•46,486 

•46,486 

• 46 ,486 

-46.486 

•46.486 

• 46 ,486 

•46,486 

■46 1 486 

•461466 

•46,486 

•43.753 

■44,142 

-44,452 

•44,701 

•44 , 906 

-45.075 

•43,217 

•45,337 

•45,439 

•45,528 

-451604 

•45,671 

*43,750 

*44,140 

-44,450 

*44 ,700 

*44 , 905. 

-45.074 

-45,216l. 

*45,336 

-45,439 

*45.527 

-43>n4 

-45,670 

• 60 

..... ,80 

■41.006 

-41,790 

-42,411 

•42,912 

•43,321 

-43.661 

•43,945 

•44,185 

•44,391 

•44,567 

-441720 

•44,834 

1.00 

->10.799 

*15,913 

"19,961 

•23.225 

•25,894 

•28.104 

*29,954 

•31,520 

-32,856 

*34,005 

->51001 

•35,870 

*47.682 

*47 >567. 

*47,458. 

*47,359 

*47,271 

“47 il94_ 

*47,127 

c47,068_ 

-47 , 

•46,970 

-46L92SL 

•46,894 

1.20 

1.40 

1.60 

>47.176 

•47,132 

-47,080 

•47,028 

•46.980 

-46,935 

-46,895 

•46,659 

•46,826 

•46,798 

-461773 

*46,730 

■46,122 

•46,231 

*46,301 

•46,348 

•46,380 

-46,402 

•46,418 

*46,430 

-46,438 

•46,443 

-*6 1 450 

-46.455 

s35.,Q91 


-38.11 4 *39. 1 7 1 

*40,029 

■40.734- 

-41,322. 

j 4 1,8 17 

"42,238 

•42.599 

-421911 

*43j_183 

i.eo 

2.00 

2.20 

■7 1 185 

•12,993 

-17,483 

•21.110 

•24 , 060 

“26.494 

*28,526 

•30,240 

-31,698 

*32,932 

-341037 

-34,982 

37.780 
43.072 

25.229 
28 .920 

15,421 
16,07.9. 

7,600 
9,570- 

1.256 
2.755. 

•3,963 

•2,797 

■8,312 
!?.7.i 364_ 

•11,976 

*il.22L_ 

*15,085 

-14.449 

•17,739 

•17j2?4 

-201070 

-I»l6l2_ 

-22.082 

-21,684 

2.40 

2.60 

50.825 

34,328 

21.974 

12,436 

4,950 

•1 1 O 0 7 

46,023 

•lQ, 117 

•13,319 

*16,440 

-181941 

*21.100 

2 ,eo 

61.041 

41,452 

27,105 

16.259 

7,842 

1.165 

•4,231 

-8,661 

•12,293 

*15.408 

-18.037 

•20,332 

73.7^8 

50,294 

31 U473. 

-20,978. 

11*430- 

3.959 

■2,0J7 

•6,855 

*10.771- 

•14,127 

-16l961_ 

•19.379 

3. 00 
3.20 
3,40 

59.996 

36,527 

20,232 

8.505 

■ .198 

•6.829 

•11 , 997 

•16, 105 

-19,320 

•22.065 

-241347 

•26,267 

16,909 

*1,391 

-13,310 

•21,340 

-26,911 

-30.878 

-33,768 

•35,916 

-37,424 

•38,697 

-39.692 

-40,480 

1 2 . 0?9 

-5.664 

1-17.076 6.6l_ 

•29,895- 

-33.559 

•36,191 

•38.118 

-39.434 

•40.541 

•41 1 392 

•42.053 

3.60 

3,80 

12.045 

-5,648 

-17,060 

•24 , 665 

•29,879 

-33.543 

»36 , 175 

•38,102 

-39,418 

•40,525 

-411376 

-42,037 

4.00 

i2.061 

•5,632 

-17,044 

•24,649 

•29,863 

-33,527 

•36,159 

•38,086 

•39,402 

•40,509 

-411360 

•42.021 


IMSC A991396 



LOCKHEED MISSILES & SPACE COMPANY 


Table 2-h 

SOPSA OUTPUT DATA LISTING (CONT'D) 

SAMPLE-CASE. •-ORB I TER .040 A* LOW PENMKI i».HYORQQEN.J>UP-PLY-_S.YSTEM.. 

ULLAGE PRESSURE REQUIRED FOR 3 ENrINE OPERATION 


DELTA 12,0 INCH £3,0 INCH 14,6' INCH 15,0 INCH 16,0 INCH 17,0 INCH IB.o’YnCH 19,0 INCH 20,0 INCH 21.0 INCH 22,0 INCH 23,0 INCH 
TIME MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN IUnE MAIN LINE 


ui 


|00 
1 20 

20.522 

20,501 

20 , 464 

20.470 

20,459 

20,450 

20,442 

20,436 

20,430 

20.425 

20;421 

20 . 

417 

1 40 

20.551 

20,526 

20,506 

20.490 

20.477 

20.466 

20,497 

20,449 

20,443 

20,437 

2o;432 

20 . 

428 

20..Z23 

-20,676- . 

20,636 

_20.608 

20.584 

20,56J_ 

20,546 

20.532 20.520 

20,-50? 

?0*50Q 

20 . 

492 

16 O 

1 80 - 

20.959 

20,663 

20,818 

20.766 

20.728 

20,695 

20,667 

20,643 

20.623 

20,606 

201592 

20 . 

579 


21.357 

21,223 

21,116 

21.035 

20,968 

20,912 

20,866 

20.827 

20,794 

20,766 

201742 

20 . 

721 


00 


B92 22,541 


21-.B9Q 2i*75Q_ 


-214 


1 1 cu 
5 t 4Q 

23,655 

23,155 

22,780 

22.489 

22,260 

22.075 

21,924 

21,798 

21,693 

21.603 

2i;527 

21.461 

1,60 

20.679 

20,524 

20,430 

20.373 

20,337 

20,315 

20,302 

20.294 

.20,290 

20,238 

20 | 288 

20,289 

21*53.9 

21,257 

2UQ7I 

20.950 

21,159. 

20.786 

20,736 

_2Qj-694 

2 O-i 662 

_J.Qj.63_6 

_20.L6.14 

*0x396 

1,80 

2,00 

22,233 

21,858 

21,594 

21,403 

21,260 

21,151 

21,065 

20,997 

20,942 

20.897 

201899 

20.828 


25,425 

24,556 

23,922 

23.447 

23,080 

22.792 

22,560 

22.371 

22,215 

22,084 

2i:973 

21,878 

2,20 

25.486 

24,449 

_2?|7_?2 

_23xl?7 _ 

22*803 

22,506 

22,272 

22.086 

2lx?36 

21,614 


21,626 

2,40 

2,60 

30.097 

28 , 208 

26,872 

25,897 

25,163 

24,599 

24,155 

23,800 

23,511 

23,273 

231074 

22,906 

33,416 

30,625 

28,694 

27.312 

26,294 

25.325 

24,932 

24,465 

24,091 

23,787 

231537 

23,329 

2,80 

33,998 

30,669 

28,428 

26.867 

25.748 

_24 1.926 

24,339 

23.836 

?3 l 467 

23,175 

221941 

22.750 

3,00 

3,20 

32.434 

29,118 

26,932 

25,445 

24,405 

23,661 

23,116 

22,711 

22,404 

22.168 

211984 

21,939 


32.427 

29.105 

26,916 

25,428 

24.387 

23.643 

23, 099 

22,694 

22,388 

22,152 

21 1 969 

21.825 

3,40 

32.412 

29.091 

26,902 

25.414 

24.375 

_23*631 

23,038 

22.684 

22,378 

22±1«3 

211961 


3,60 

3,80 

32.413 

29,092 

26,903 

25.415 

24,376 

23,632 

23,039 

22,685 

22,379 

22,144 

2l 1 962 

21.818 

4,00 

32.414 

29,093 

26,904 

25,416 

24.377 

23,633 

23,090 

22,686 

22.3BQ 

22,145 

*lT»65 

21,919 


1.452 21 , 3.81 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2 -b 

SOPSA OUTPUT DATA LISTING (CONT'D) 

SAMPLE- CASE . ARBITER Q40a, LCV . PENMii 


-PBESSURE-AND- VOLUME. VALUES FOR FLUID. VApQ^MIW, ULLAGE. T aNK_J0TTCMjJ. 1NE .HEAfii.ULLACE_W)LUME . TANK. HEAD .HEI5HT_J^D_yLLAGE_JEl(lHI_ 


05 


TRANS, 
-T-I-ME ~ 
' SEC 

- . 00 -- 

. .20 

.40 

.60 

.60 


1.00 


1.40 


1.60 

-i.ao 

2,00 

2.20 

■2,40. 

2.60 


2.80 

3.00 

3,20 


3.40 
■ 3+60 — 
3 , 80 

Too" 


UUUVAP 

ULLVA?: 

MJ NULL 

mjnull 

tnkbot 

tnkbot 

LINhED 

LINHEO 

ullvol 

ULLVOL 

tnkhed 

TN4HED 

ULLWGT 

ULLWCT 

OXJU, 

FUEL 

OXID, 

— -FUEL. 0X10.— 

fuel. 

OXID, 

.. FUEL 

- OXID, 

FUEL .. 

0XJD + 

p ^ 

Oxip. 

FUEL 

PSIA 

PSIA 

PSIA 

PSIA 

psia' 

PSIA 

PS 1 A 

POJA 

CU.FT, 

CU.FT, 

.FT. 

PT, 

LBS 

lbs 

20.052 

20.170 

20,05 

20,52 

45,55 

23,46 

48,99 

*. 2 ?Q 

607,8 

1784,5 

51,78 

96,19 

209,6 

149,4 

..._.20,03i 

_ 20 1 1-7 0 — 

-20,05- 

— 20,95- 

—45. 55_. 

—23,49 

40,99- 

_9,2?0 _ . 

—607 , 8_ 

1 784 , 7 _ 

_ 31,78- 

—96.19 

—209.+6 

—149,7.. 

20.092 

20,170 

20,05 

20,^2 

45,55 

23.66 

48,99 

• ,290 

607,9 

1705,1 

51,78 

96,18 

209,7 

151.0 

20.092 

20,170 

20,05 

20,96 

45,55 

23,90 

48,99 

>* 2*0 

608,0 

1785,8 

51,78 

96,18 

209,7 

152,9 

_2n . 052 20.170 20.05 2 i_36 

—45.-55 

24.29- 

48,99 

.*,290 

—608,4 

1787_,1— 

51+73. 

.96+18 

209+8 

136, 1 _ 

2Q.C92 

20,170 

20,05 

22,89 

45,55 

25,83 

48.99 

>* 2?0 

609,0 

1789,6 

51,78 

96,18 

210 . i 

168.5 

20.052 

20.170 

20,05 

23,85 

45.54 

26,59 

48,99 

**290 

609,7 

1794,0 

51,78 

96,17 

210,3 

175,2 

20.092 20.1 70 

20,05- 

20*68 45.54- 

23,61. 

48.99 

S.?9Q 

610.3 1799.1 

51,12 

96,16 

210.5 131.9 

20.052 

20.170 

20,05 

21,92 

45,54 

24,45 

48.99 

*. 2»0 

610,9 

1804.3 

51,77 

96,15 

210.7 

158.8 

20.052 

20,170 

20,05 

22,23 

45,54 

25, 17 

48,99 

*.290 

612,0 

1809,9 

51,77 

96,14 

2 li.l 

165.0 

20.092 

20,173 - 

37+7ft_ 

25,43 

63,26 

28,36. 

48,99 

_ b»290- 

613, A— 

1817+2- 

51,76. 

96,13 

409,4 

192.1 

20.052 

20,170 

43,07 

25,49 

68,55 

28,42 

48,99 

>| 2’0 

616,8 

1826,6 

51,75 

96,11 

*76, i 

1’3.6 

20,052 

20,170 

50,83 

30,10 

76,29 

33, 03 

48,99 

>•290 

620,9 

1838,9 

51,73 

96,09 

574,1 

233.2 

-20,092- 

20 , j 73 

61.04- 

33,42— 

86.50 36.33_ 

48,99 

_ »i290 

626 , 1 

1855.1- 

31,71. 

96,06. 

7.10,0 

2*5,9 

20.052 

20,170 

73,72 

34,00 

99,16 

36,93 

48,99 

>. 2»0 

632,4 

1874,3 

51,68 

96,03 

896,5 

274,0 

20.092 

20,170 

60,00 

32,43 

85.42 

35,36 

48,99 

•*290 

639,7 

1894,6 

51,65 

95,99 

711,4 

262.3 

20.092 20.170 20.05 

32+4.3 

43+46 

—35.38- 

48+9.9 

b,2-9Q 

647.3 1915.0 

51,61 

95+96 

223, i_. 

- 265j0 

20,092 

20,170 

20,05 

32, 4 i 

43,45 

35,34 

48,99 

* t 2?0 

655,0 

1935,3 

51,58 

95,93 

223,9 

267,7 

20.052 

20,170 

20,05 

32,41 

45,43 

35,34 

48,99 

*. 2?0 

662,8 

1955,6 

51,55 

95,89 

228,6 

270.5 

20+092. 

-.2Q.i 12.0 20,115 32 +U~ 

45+42 

—35+34 -45.JL2- 

_pj29Q 

670,5 

im+Q- 

_51,52 9.5,8j L _. 

_23li.3— 

-27.1,1 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 

SAMPLE-CASE «.-0BB.lTER_040Ai.-L0M PENMN *.-0XYGEN. SUPPLY- SYSTEM 

MINJMU1 HEQUJREO ULLAGE PRESSURE FOR 3 ENGINE OPERATION PER MAIN FEED LINE 

DELTA 12,0 INCH 13 , 0 j N£H 147o INCH iS.Tl NCH 16,0 INCH i77oINCh“ l*7o INCH 19,0 I NCH~ Yo,0 ~ I NciT^l’, o' l"NCH 22f70~ T^CH 13,0 I NCH 
jT 1 ME MAIN LINE main LINE MAIN LINE MAIN LINE MAIN LINE HA I N LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE 


,00 

-,20 .... -. 
,40 

20,052 

20,052 

20,052 

20.052 

20.052 

20,052 

20,032 

20,032 

20.032 

20.032 

20)052 

20.032 

20*052 

-20,052- 

20,052 

20,052- 

20.052 

20.052 

20.052 
20.052 

20.052 

20.052 

20,052 
20,052 _ 

20 1 032 
20,032 

20.052 
20,052 

20.052 
20.052 

20,052 
20 , 032 

20 1 052 
20)03? 

20.052 

20.052. 

,60 

,80 - 

20,052 

20,052 

20,052 

20,032 

20.052 

20,052 

20,032 

20.032 

20.052 

20.032 

20)032 

20.052 


20.052 

20,052 

20,052 

20.052 

20.052 

20,052 

20,032 

20.032 

20.052 

20.032 

20) 032 

20.052 

1,00 

_20j.Q52 

20,052- 

20.052 20.052- 

20 .052 

20,032 

20,032 

20,032- 

20,052 

20 ,032 

2QiQ52_ 

20.052- 

1,20 

1,40 

20.052 

20,052 

20,052 

20,052 

20.052 

20,052 

20,032 

20,052 

20,052 

20,032 

20)032 

20.032 

1,60 

20*052 

20,052 

20,052 

20.052 

20.052 

20,032 

20,032 

20.032 

20,052 

20,032 

20)052 

20.032 

20x052 

20.05? 

20.052 

20.052 

20,052 

20j032 

20,032 


20x032 

20.052 

20)032 

20.052 

1,80 

2x00 

20,052 

20,052 

20,052 

20.032 

20.052 

20,052 

20,032 

20,052 

20.052 

20,032 

20)032 

20.032 


37,780 

25,229 

20,052 

20.052 

20.052 

20,052 

20,032 

20.032 

20.052 

20.032 

20)052 

20,052 

2,20 

43.072 

28.923 

20,052 

20.052 

_J0^032. 

20,052 

20.032- 

20.032 

20,05? 

20,032 

2Q_) 052 

20.032 

2,40 

2,60 

50,825 

34,328 

21,974 

20,032 

20.052 

20,052 

20,032 

20,032 

20,052 

20,032 

20)052 

20.052 

2,80 

( 

61*041 

41,452 

27,105 

20,052 

20.052 

20,052 

20,032 

20,052 

20,052 

20,052 

20)052 

20.052 

_Z3* 7id 

55.29J 

33.473 

20.97$ 

20,052 

20,052 

20,032 

20,052 

20,052 

20,032 

20)032 

20,032 

3,00 

3,20 

5? ,996 

36,527 

20,232 

20.052 

20,032 

20,052 

20,032 

20,052 

20.052 

20,052 

20)052 

20.052 

20,052 

20,052 

20,052 

20.052 

20.052 

20,052 

20,032 

20,052 

20,052 

20,032 

20)052 

20,032 

3 « 40 

20.C52 

2J3xQS2- 

20 ,052 20.052 20.052 

20.052 

SQ|.Q32_ 

20.052 

20-. 052 

20,052 

20) .052 

20.052 

3.60 

3,80-..- 

20,052 

20,052 

20,052 

20,052 

20.032 

20.Q52 

20,032 

20,052 

20,052 

20,052 

20)052 

20.052 

20,052 

20,052 

20 , 052 

20,032 

20.052 

20,032 

20,032 

20,052 

20,052 

20,032 

20 7032 

20.052 


4.00 
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LOCKHEED MISSILES 8c SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 


S4ViPtE-CASE-.e.-0UBlTER 040 a«-LQM-RENMN- 


9.. HYDROGEN ...SUPPLY- -SYSTEM- 


M1NJMU1 REQUIRED ULLAGE PRESSURE FOR 3 ENGINE OPERATION PER MAIN FEED LINE 


DELTA 

TIME 


1 

1 

oo l 


00 

20 

40 

60 

ao 

oo 


20.522 


20 

40 

60 


20.551 
-20 .723 . 
20.959 
21.357 
22.852 


ao 

00 

20 


23.655 

20.679 

_21-.5i.9_ 

22.233 

25.425 

_25j466_ 


40 

60 - 

SO 


30.Q97 

33.416 

_33j99J_ 


00 

20 

40 


32.434 

32.427 

32-412. 


60 

80 

00 


32.413 

32.414 


.0 In;h 
AIN LINE 

14,0 INCH 
MAIN LINE 

15,0 INCH 
MAJN LINE 

16,0 INCH 

main line 

17.0 INCH 
MAIN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 
Main LINE 

20,0 INCH 
main line 

21,0 INCH 
MAIN LINE 

22,0 INCH 

main Cine 

23,0 INCH 
Main line 

20,501 

20,484 

20,470 

20.459 

20,450 

20,44? 

20,436 

20.430 

20,425 

20:421 

20,417 

20,526 

20,506 

20.490 

20.477 

20.466 

20,437 

20,449 

20,443 

20.417 

20:432 

20.428 

-20*676 

20,638 

20,608- 

20.584 

?0 , 563 

2D, 546 

20,532 

?0,5?0 

?n.5D9 

ioisoo 

?n T 49? 

20,880 

20,818 

20.768 

20.728 

20.695 

20,667 

20,643 

20,623 

20.606 

20:592 

20.579 

21,223 

21,118 

21,035 

20.968 

20.912 

20,866 

20,827 

20.794 

20.766 

20:742 

20,721 

422*544 

22* 275_ 

22.0*2- 

21,890- 

2i,7S0- 

,631 

21,536 

21,453 

2.1,342- 

211321- 

21*268. 

23,155 

22,780 

22.489 

22.260 

22.075 

21,924 

21,798 

21,693 

21.603 

2l : 527 

21.461 

20,524 

20,430 

20.373 

20.337 

20.315 

20,302 

20,294 

20.290 

20,288 

20 ! 288 

20.289 

.21*257 

21*077 

20,950- 

20 , A5B 

2ft ■ 788 

20,736 

20.694 

20.662 

20.636 

201614 

20.596 

21.658 

21.594 

21.403 

21,260 

21.151 

21|0®5 

20,997 

20.942 

20,897 

20 : 859 

20,628 

24,556 

23,922 

23,447 

23.080 

22.792 

22,560 

22,371 

22,215 

22.084 

2i:973 

21,878 

-24*44 9 

23,723 

23,197 

22,805. 

22.506 

22,272 

22.086 

21.936 

21.614 

2ll7ll 

21 .626 

26,208 

26,872 

25,897 

25,163 

24.599 

24,155 

23,800 

23,311 

23,273 

23:074 

22,906 

30,625 

28,694 

27,312 

26,294 

25.525 

24,932 

24,465 

24,091 

23.787 

231537 

23,329 

JO, 66 9 

28,428 

26.867 

25*7 48 . 

24.926 

24,309 

.23,636 

_23,.46L 

23,175 

22>41 

22,750 

29,118 

26,932 

25,445 

24,405 

23.661 

23,116 

22,711 

22,404 

22,168 

2l : 984 

21.839 

29,105 

26,916 

25,428 

24,387 

23.643 

23,0’9 

22,694 

22,388 

22.152 

2l : 969 

21,825 

29.091 

26,902 

25*414. 

24.375 

23.631 

23,038 

22,684 

22,378 

22.143 

2 X.9_61_ 

21,817 

29,092 

26,903 

25,415 

24.376 

23.632 

23,089 

22,685 

22,379 

22,144 

2l : 962 

21 , 81 a 

29,093 

26,904 

25,416 

24,377 

23.633 

23,090 

22,686 

22,380 

22,145 

2i : 963 

21,819 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 


SMPIE...CASE •_.QRBljER . Q40Ai._L9W. PENMn ? OXYGEN -SUPPLY SYSTEM 

TANK BOTTOM PRESSURE VALUES FOR 3 ENGINE OPERATION PER MAIN FEED LINE 

DELTA "’iaio INCH _ t 3 *P "inch” 14,0~TnCH 1»,0 INCH 16,0 inch 17.0 INChTb - , 0 lNCH“l?ro“ INCH 20,0 INCH 21,0 INCH" 2270 ' 7nCH~23 ,TTNCH 
■TIME MAIN line main line main LINE MAIN line main line main line main line main line main line main line main L'ine main LINE 


• 00 

. .,20 . _ 

45.549 

45,549 

45,549 

45,549 

45,549 

45,549 

45,549 

45,549 

43.549 

45,549 

451549 

45,349 

• 40 

45.349 

45.349 

45,549 

45,549 

45.549 

45.549 

45,549 

45,549 

45,549 

45,349 

45:549 

45,549 

45j548 

45.548 

45.548 

45,548 

45,548 

45,348 

43,548 

45,548 

45,548 

45,548 

45:548 

45,548 

• 60 
• SO. 

45.548 

45,549 

45,548 

45.548 

45.548 

45,348 

45,546 

45.548 

45,546 

45,348 

43:548 

45.348 

liOO 

45.547 

45,547 

45,547 

45.547 

45,547 

45,347 

45,547 

45,547 

45,547 

45,547 

45:547 

45,547 

45,546 

45.346 

45,546 

45. 5.46 

45.544 

45.546 

45,546 

45,546 

45,546 

45.546 

43:546 

45,546 

1.20 
1 ,40 

45.543 

45,543 

45,545 

45,543 

45,543 

45,545 

45,545 

45,545 

45,545 

45,545 

45:543 

45,343 

1,60 

45.343 

_45,542_ 

45,543 

45.54? 

45,543 

45.542 

43,543 
45j542 

45,543 
45j 542. 

45.543 

45,542 

45,543 

45,542 

45,543 

45.542 

45,543 

45,542 

45,543 

45,542 

43:543 

43:542 

45,543 

45.542 

1.80 
Zj 00 

45.340 

45.543 

45.540 

45.540 

45,540 

45.540 

45,540 

45,540 

45,540 

45,340 

45:540 

45,340 

2.20 

63.264 

68,349 

SO, 713 
54.397 

45,536 

45.529 

45,536 

45.329 

45,536 

45.529 

45.536 

45l529 

45,536 

45,529 

45,536 

45,529 

45,536 

45,529 

45,536 

45,529 

43.336 
<5:529 . 

45,336 

45.529 

2.40 

2.60 

76*294 

59.796 

47,442 

45,521 

45.521 

43,521 

«5,521 

45,521 

45,521 

45,521 

45:521 

43,521 

2 • 80 

86.498 

66,910 

52,563 

45,510 

45,510 

45,510 

45,510 

45,510 

45,510 

45,510 

4 5 : 51 0 

45.510 

99.162 

75.738 

58,917 

A6_,422_ 

45.496 

43l496 

45.496 

45.496 

. 45.496 

45,496 

45:496 

45.496 

3,00 
3.20 

85.423 

61.956 

45,661 

45.481 

45,481 

45,481 

45,481 

45,481 

45,481 

45,481 

45:481 

45,481 

45.465 

45,465 

45,465 

45.465 

45,465 

45.465 

45,465 

45,465 

45,465 

45,465 

45:465 

45,463 

3 1 40 

_4§.*14? 

45.449 

45.449 

45.449 

45.449 

48.449 

45.449 

45.449 

45.449 

45j.4.4? 

43:449 _ 

4 5_t_4 4 9_ 

3,60 

.3,80 ....... 

45.432 

45,432 

45,432 

43,432 

45.432 

45,432 

43,432 

45,432 

45,432 

45,432 

45:432 

45,432 

45,416 

45,416 

45,416 

45,416 

45,416 

45,416 

45,416 

45,416 

45,416 

45,<16 

45.' 416' 

45,416 


« 1 00 
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LOCKHEED MISSILES Be SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT’D) 

...SAMPLE-CASE ._s-.0RBi.TER Q40A«-LQki-PENMN - s HYOROQEN- SUPPLY SYSTEM. 

TANK BOTTOM PRESSURE VALUES FOR 3 ENGINE OPERATION PER MAIN FEED LINE 


ELTA 
I me 

12.0 Inch 
main line 

|3.0 INCH 
MAIN LINE 

14,0 INCH 
MAIN LINE 

1?,0 INCH 
MAJN LINE 

16,0 INCH 
MAIN LINE 

17,0 INCH 
MAIN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 

main line 

20,0 INCH 
MAIN LINE 

21,0 INCH 
MAIN LINE 

22 . 0 TnCH 
main Line 

23,0 INCH 

Main line 

■ 00 
..,20 . 

23.498 

23,437 

23,420 

23,407 

23,395 

23,386 

23,378 

23.372 

23,366 

23,362 

231357 

23,354 

• 40 

23.487 
2X.65! 

23,462 
23 ,612 

23,442 

23,575 

23,426 

23,544 

23,413 

23,5?0 

23,403 

??,500 

23,393 

.23,483. 

23,386 

23,468 

23.379 

23,456 

23,374 

23.446 

231369 

231436 

23.364 

23.429 

• 60 
• 80 

23.893 

23,816 

23,754 

23.705 

23,664 

23,631 

23,603 

23,580 

23,560 

23,543 

23.528 

23.515 

llOO 

24.293 

05 . H Oft 

24,159 

24,054 

25,711 

23.971 
?4 , 99fl 

23,904 
?4 , fl?6 

23,848 

24,686 

23,802 

24,569 

23,764 

74,472 

23,731 

24,389 

23,702 

24.318 

231678 
24 ! 257 

23.657 

24,2n4 

1 1 20 
1 .40 

26.591 

26,091 

25,715 

25.425 

25.195 

25.0U 

24,859 

24,734 

24,629 

24,539 

241463 

24,397 


23,6i3 

23,460 

23,366 

23,308 

23.272 

23,250 

23,237 

23,229 

23.226 

23,224 

231224 

23,225 

1 1 60 

2 4 .4^4 

24,4.92 

24.012 ^3^885 

23 T 793 

91,724 

23,671 

23.630 

23.597 

23.571 

231549 

23,532_ 

1 1 60 

7 » nn 

25.168 

2«,793 

24,529 

24,338 

24,195 

24,086 

24,000 

23,932 

23,877 

23.832 

231794 

23,763 


28.360 

27,490 

26,857 

26.381 

26,015 

25.726 

25,495 

25.306 

25,149 

25.018 

241908 

24,813 

2 • 20 

28 . <20 

27,38? 

26,657 

26,131 

25 T 739 

25.440 

25,206 

25.020- 

24.871 

24.748 

241646 

24.560 

2.40 

2i6Q 

33.030 

31,141 

29,806 

28,830 

28,097 

27.532 

27,088 

26,733 

26,444 

26,206 

26 1 007 

25,839 


36.349 

33,557 

31,626 

30,244 

29,227 

28.458 

27,864 

27,397 

27,024 

26,720 

261470 

26.262 

2 1 80 

K6.9?9 

33 ,601 

31.359 

29.79B 

28.680 

27,858 

27,240 

26.767 

.26,399 

_ 26,10.7 

251872 

25.681 

3.00 
1 .90 

35.365 

32,049 

29,863 

28,376 

27.336 

26,591 

26,047 

25,641 

25,334 

25,098 

241915 

24.770 


35.357 

32,035 

29,846 

28,357 

27.317 

26,572 

26,028 

25,623 

25,317 

25,082 

241899 

24,754 

3 1 40 

35.341 

32,011 

29.831 

28,343. 

21*301. 

26,559 

16,016 

25,612 

25,306 

25,072 

241889 

24.745 

3,60 
3 1 80 

35,341 

32,019 

29,831 

28,343 

27,303 

26,559 

26,016 

25,612 

25,306 

25,072 

241889 

24,745 


35,341 

32,019 

29,631 

28,343 

27.303 

26,559 

26,016 

25,612 

25,306 

25,072 

241869 

24,745 


A 1 00 
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LOCKHEED MISSILES Bt SPACE COMPANY 


Table 2-k 

SOPS A OUTPUT DATA USTIHG (CODT’D) 

_ SAMPLE CASE * 0RBlTER..040Ai.Jjm PENMM.I 5 OXYGEN SuPPLt SYSTEM 

RECOMPJTEO ENGINE PRESSURES FOR 3 ENGINE OPERATION PER MAIN FEED LINE 


DELTA 12,0 INCH 13,0 |N;H 14,0 INCH lSj) INCH 16,0 INCH 17,0 INCH 10,0 INCH 19,0 INCH 20.0 INCH 21,0 INCH 22,0 INCH 23.0 INCH 

time MAIN line main LINE MAIN LINE MAIN line MAIN LINE main line MAIN LINE main LINE MAIN LINE MAIN LINE MAIN L'INE MaIN LINE 


Ol 


-,20. 

94,939 

94,539 

94,539 

94.539 

94.539 

94.339 

94,539 

94,539 

94,539 

94,339 

’41539 

94,539 

,40 

91, 60S 

92,195 

92,504 

92,734 

92.958 

93,127 

93,269 

93,389 

93,491 

93.580 

*37636 

93,723 

-91,802 . 

9?. 192 

92.502 

9.2,752 

924«57 

93,126 

93,266 

93,388 

93,491 

93,579- 

931656 

93 , 722 w 

• 60 

... i80_ 

89,059 

69,842 

90,463 

90,964 

91.373 

91,713 

91,997 

92,237 

92,443 

92,619 

921772 

92,906 

56,847 

63,962 

68,013 

71.277 

73.946 

76.156 

76,0J7 

79,572 

80,908 

82,057 

*3’. 053 

“"83 . *22 

1,00 

95,734 

95.619 

95.310 

95.411 

95.323 

95.246 

93,179 

9 SLi 2Q 

95,067 

95,022 

94 j 982 

94.946 

1,20 

;1,40 

95.228 

95,184 

95,132 

95.081 

95.032 

94,987 

?4,947 

94,911 

94,878 

94,850 

941825 

94,802 


94,174 

94,283 

94,353 

94.400 

94,432 

94,454 

?4,47l 

94,482 

94,491 

94,497 

*4.563 

94,567 

X • 60 

83.143 

84,840 

86,166 

87.224 

88.081 

88.787 

89,374 

89,870 

90,290 

90.651 

»0 1 964 

91,235 

1,80 

2,00 

55.236 

61,005 

65,535 

69,162 

72,li2 

74.546 

76,578 

78,292 

79,750 

81,004 

821089 

83,035 

2,20 

26,000 

26,000 

32,631 

40,453 

46,796 

52,016 

36,365 

60.028 

63,137 

65,811 

681122 

76.134 

2 a < 00 CL_ 

28 ,000 

29,973 

38.482 

5SL.298 

50j849 

95,436 

59.274 

62-, 501 

65,276 

671664 

69.736 

2,40 

2,60. 

28.000 

26,000 

28,000 

35,596 

43,102 

49,139 

94,073 

58,169 

61,571 

64,492 

66)993 

69,152 

2,80 

28.000 

28,000 

26,000 

31.793 

40.211 

46,868 

52,283 

36,713 

60.345 

63,460 

66.110 

68,584 

281 O 0 O 

28,000 

28j00Q 

284.Q50 

36.622 

44.093 

90,060 

54.907 

58,825 

62,179_ 

63loi3 

67.431 

3,09 

3.20 

28,000 

26,000 

28,000 

39.547 

48,250 

54,881 

60,049 

64,137 

67,372 

70,117 

721399 

74,319 

31,144 

49,443 

61,362 

69.392 

74,963 

78,930 

61,820 

83,968 

85,476 

86,749 

871744 

88,532 

3,40 

36 j 023 

53.716 

65_il?6 

72 t 73a 

77.947 

Bi.611 

84.243 

86.170 

87,486 

83,594 

891444 

90.105 

3,60 

3,80 

36,007 

33,700 

65,112 

72,717 

77.931 

81,595 

84,227 

86,154 

87,470 

88.577 

89.428 

90,089 

35,991 

53,684 

65,096 

72.701 

77.915 

81,379 

84, 2U 

86,138 

87.454 

88,561 

891412 

*0,073 


00 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-k 

SOPSA OUTPUT DATA LISTING (CONT'D) 


DELTA 

TIME 


Ol 

to 


00 

20 

40 


60 

eo 

oo 


20 

40 

60 

60 

00 

20 

40 

60 

60 

00 

20 

40 

60 

60 

00 



REC0MP JTEO 

ENGINE PRESSURES FOR 

3 ENGINE 

OPERATION PER MAIN 

FEED LINE 




•,o inch 
iain line 

(3,0 !N:H 
MAIN LINE 

14,0 INCH 
MAIN LINE 

lM INCH 
MAIN LINE 

16,0 INCH 
MAIN LINE 

17.0 INCH 
MAIN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 
MAIN LINE 

20,0 INCH 

main line 

21,0 INCH 
MAIN LINE 

22,0 Inch 23.0 inch 
main Line main line 

23,000 

23,000 

23,000 

23.000 


23,000 


23,000 

23,030 

23,000 

23,000 

23,000 

23 1 000 

23.000 

23,000 

23,000 

23,000 

23.000 


23,000 


23,000 

23,000 

23,000 

23,000 

23,000 

23:000 

23,000 

^3,000 

23,000 

23,000- 

23,000 


_23^000_ 


23.000 23,000- 

93, non 

93, nnn 

93. nnn 

23!nno 

23,000. 

23,000 

23,000 

23,000 

23.000 


23.000 


23,000 

23,000 

23,000 

23,000 

23,000 

231000 

23,000 

23,000 

23,000 

23,000 

23.000 


23,000 


23,000 

23,000 

23,000 

23,000 

23,000 

23:000 

23,000 

23.-000 

23 , nnp 

23,000 

23,000- 


_ 23-QQO 21.000 

23,nao 

93,nnn 

93,nnQ 

93„nnn 

23!nno 

23,001) 

23,000 

23,000 

23,000 

23.000 


23.000 


23.000 

23,000 

23,000 

23,000 

23.000 

23:000 

23,000 

23,000 

23,000 

23,000 

23,000 


23.000 


23,000 

23,000 

23,000 

23.000 

23,000 

23:000 

23,000 

j3 . poO 

23,000 

?3,ono 

23 . 000 


-23,000- 


-23,000- 

23.000 23.000 

93, nnn 

23. nan 

23!nno 

23.000 

23.000 

23,000 

23,000 

23,000 


23,000 


23,000 

23,000 

23,000 

23,000 

23,000 

23:000 

23,000 

23.000 

23,000 

23,000 

23.000 


23,000 


23,000 

23,000 

23,000 

23,000 

23.000 

23:000 

23,000 

23 • Qob 

23, q n o 

-23,000 

23,000- 


-23,000- 


-23,000 

23,n00 

93,000 

23.000- 

23.000 

23!nnn 

23 . onn 

23.000 

23,000 

• 23,000- 

- 23,000 


23,000 


23,000 

23,030 

23,000 

23,000 

23.000 

23:000 

23,000 

23.000 

23,000 

23,000 

23.000 


23,000 


23,000 

~ 23,030 

’ 23,000 

23,000 

"23,000 

23:000 

23,000 

_23,000 

23,000- 

23,000 

23.00IJ 


-23,000. 


23,000. 

.23,000 

93.000 

23,000- 

23,000 

?3:00Q. 

23.Q0Q 

23.000 

23,000 

23,000 

23,000 


23,000 


23,000 

23,030 

23,000 

23,000 

23,000 

23:000 

23,000 

23.000 

23,000 

23,000 

23.000 


23,000 


23,000 

23 , 030 " 

’’’ 23,000 

23,000 

23,000 

"23:000 

~ 23,000 

?3«0qC 

-23,000 

-23,000- 

23,000 


23.000- 


-23,000- 

23,030 

23,000- 

23,000- 

23.000 

23 : DDO 

23.001 

23.000 

23,000 

23,000 

23.000 


23,000 


23,000 

23,030 

23,000 

23,000 

23.000 

23:000 

23,000 

23.000 

23,000 

23,000 

23,000 


23.000 


23,000 

23,030 

23,000 

23.000 

23,000 

23:000 

23,000 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-b 

SOPSA OUTOUT DATA LISTING (CONT'D) 


SAMPLE .CASE-»-0RBLTEB_040A«-L0W-P-ENMm s_FEED_ SYSTEM-HEIGHTS 



MAIN 

FEEDLINE 

ENGINE FEEDLINE WEIGHTS 


total 

engine 

MAIN 

ENGINE 

ffeol’nc 

MAIN 

j-EEDLINE 

TOTAL 

PROPELLANT 

DIAMETER 

^INE 

line 

LINE 

LINE 

feedline 

peedline 

INSULATION 

INSULATION FEED SYSTEM 


(INCHES) 

NO 1 

NO 2 

N03 

NO 4 

WEIGHT 

HEIGHT 

WEIGHT 

WEIGHT 

WEIGHT 

oxygen 

1 2 « 000 

282,46 

288,95 

293,08 

,00000 

864,49 

1331,6 

15,585 

72,077 

2263,7 

nxYr.EN 

13.000 

282,46 

288,95 

293,08 

..,00000 

. 864,49 

1566,4 

.15,585 

73.322 

2524.8 

oxygen 

14,000 

282,46 

288,95 

293,08 

,00000 

864,49 

1 8 2* 1 6 

15,585 

84,631 

2793,3 

oxygen 

15,000 

282,46 

288,99 

293,08 

,00000 

864,49 

2120,0 

15,585 

91,002 

3091,0 

oxY^fn 

16,000 

282,46 

288,95 

293,08 

.,00000 

864,49 

2445,4 

_ 15.565 

97,436 

3423.0 

oxygen 

1?,000 

282 i 46 

288,95 

293.08 

,00000 

864.49 

2»13,1 

15.585 

103,93 

3797 . i 

oxygen 

18,000 

282.46 

288,95 

293,08 

,00000 

664,49 

3216,6 

15,585 

110,49 

4207,2 

OxYr r PN 

19,000 

282.46 

288,95 

293,06. 

lOOOOO 

864,49 

365/. 7 

15.585 

117.12 

4654.9 

oxygen 

20,000 

2«2,46 

288,95 

293,08 

,00000 

864,49 

413/.9 

15.585 

123,80 

5l4i,B 

oxygen 

21,000 

282.46 

288,95 

293,08 

.00000 

664,49 

4659,0 

15,585 

130,55 

5669,7 

OVYCFN 

22,000 

282.46 

288,95- 

293,08 

-iOOOQQ 864,49 

5222, Z 

15,565 

137,36 

624(j 

oxygen 

23,000 

282,46 

288,93 

293,08 

,00000 

864,49 

5833,7 

15,585 

144,24 

6859,0 

hydrogen 

12,000 

291,08 

252,21 

331,46 

,00000 

874,75 

711,31 

,00000 

,00000 

1*86,1 

hyorogen 

13,000 

291,08 

252,21 

331,46 

,00000 

874,75 

871,90 

,00000 

,00000 

1746,7 

hydrogen 

14,000 

_29l 4 08 

252, 23L 

331.46 

-iOQOOQ 

874,75 

1057,0. 

.00000 

,00000 

1931.8 

hydrogen 

l5 , 000 

29i,08 

252,21 

331,46 

,00000 

874,75 

1268,5 

,00000 

,00000 

2143,2 

hyorogen 

16,000 

291,08 

252,21 

331,46 

,00000 

874,75 

1508,1 

,00000 

,00000 

2382,9 

hydrogen 

1 7 , 0G0 

291,08 

252,21 

331.46 

,00000 

874, 73_ 

177/.9 

.00000 

, 0000 c 

2652.6 

hydrogen . 

16 , COO 

291,08 

252,21 

331,46 

,00000 

874.75 

2079,8 

,00000 

1 00000 

2954,6 

hydrogen 

19,000 

291,08 

252,21 

331,46 

• 00000 

674,75 

2416,3 

,00000 

,00000 

329?, i 

hydrogen 

20i000 

29l 4 Q8 

252,21 

331x46 

joooog 

87.4 «_75 

279 J ■ 0 

.00000 

,00000 

3664.8 

hydrogen 

21*000 

291,08 

252,21 

331,46 

•00000 

874,75 

3201,3 

,00000 

,00000 

4079,0 

hydrogen 

22,000 

291,08 

252,21 

331,46 

100000 

874,75 

3663,7 

,00000 

,00000 

4538,4 

hydrogen 

21,000 


-252,21. 

331 >46 

-xOQOO.O 

874.75 

417.5,3 

».Q_QMQ 

,00000 

5050.0 


E ND OF. CAS E 1 
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LOCKHEED MISSILES 8c SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 


..-SAMPLE-CASE.-* QRBlJ£R-.a4QA+-HlCH.~PENm 


INPUT 3ATA FOR START TRANSIENT PROBLEM CONSidEr’eD IN THIS ANALYSIS,' 


THE NUMBER OF LINE SIZES TO BE CONSIDERED IS 15 
THE PROBLEM CONSIDERS BOTH OXIDIZER A NO FUEL FEED SYSTEMS 

THE NUMBER OF ENGINES FOR THE VEHICLE IS 3 __ 

THE NUMBER OF ENGINES FOR EACH FEED SySTEM IS 3 
THE NOMINAL OXIDIZER ?LOW RATE JS 8*4,00 LBS/SEC 

-THE NOMINAL FUEL FLOW RATE IS 149,00 LBS/SEC 

the vehicle loaded weight is 5503250,00 lbs 
O! THE NOMINAL thrust FOR EACH ENGINE JS 470000,00 LBS 

^ THE BULK OXIU, ENGINE INLET TEMPERATURE IS 162,9Q^DEG,R 

THE BULK FUEL ENGINE INLET TEMPERATURE IS 37,00 DEC,R 
THE COMPONENT PRESSURE TOLERANCE IS 3,00 PS! 

-THE- OX ID- HEAD HEIGHT- IN. THE TANK IS - 51,784 FT 

THE OXIO. HEAO HEIGHT IN THEFEED LINE IS 99,500 FT 
THE FUEL HEAD HEIGHT IN THE TANK IS 96,186 FT 

THE FUEL HEAD HEIGHT IN THE FEED LINE IS =9.500FT 

THE INITIAL ULLAGE VOLUME IN THE OXlOjZER TANK JS 608,cU,FT 

THE INITIAL ULLAGE VOLUME IN THE FUEL TANK IS 1784, CU.fT 

-THE INITIAL -OXIDIZER. .OAOING-JS . ... 1743858, LBS 

THE INITIAL FUEL LOADING IS 290643, LBS 

THE EXTERNAL SURFACE AREA OF THE DR0 P TANK IS 13653,1 SQ, FT, 

THE EXTERNAL SURFACE AREA OF THE L0X/LH2 BULKHEAD IS 116Q.2-SQ, -FT, 

THE TOTAL SURFACE AREA IS THEREFORE 14813, 4 SQ, FT, 

THE OXYGEN FEEDLINE DESIGN PRESSURE IS ,00000000 PSI 

THE . HYDROGEN- FEtOL l NE.-OES l GN_PflESSURE — IS— ,50000000 ESI 
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LOCKHEED MISSILES & SPACE COMPANY 


Tab±e 2-h 

SOPSA OUTPUT DATA LISTING (CONT'D) 

the tank geometry inpjt values are as follows • , ■ 

uV 120,000 L2f 549, boo L3« 5S’l,'bob _ W4«169r7bbF'Rl* l20,0~00 R2<? 120,000 HJ* 128,000 R4i 181,000 R5« 128,000 


'table op feed line data 

OXIDIZER LINES FUEL LINES 

DIAMETER LENGTH K-FACTOR "DIAMETER LENGTH K-FACTOH" 

INCHES FEET INCHES FEET 


12,00 

6, SO 

,4143 

12,00 

7,14 

,4073 

12,00 

12,43 

,5499 

12,00 

11,85 

,6389 

12,00 . 

16,31 

.6353 

12,00 

.19,99 

,8469 

12,00 

1 4 3 , 00 

3,0925 

12,00 

39,00 

1,4212 

13,00 

143.00 

2,9399 

13,00 

39,00 

1,3322 

-14,00 

143,00 

2. 6095 

14,00 

39,00 

.1,3493.. 

15,00 

143,00 

2,6970 

15,00 

39,00 

1,3214 

16,00 

143,00 

2,5991 

16,00 

39.00 

1,2*75 

17,00 

143,00 

2.5133 

17,00 

39,00 

1,2/69 

18,00 

143,00 

2,4375 

18,00 

39,00 

1,2591 

19,00 

143,00 

2.3702 

19,00 

39,00 

1,2436 

_20,Q0 

143,00 

2.3601 

20.00 _ 

39,00 

1,2302 

21,00 

143,00 

2,3063 

21,00 

39,00 

1,2185 

22,00 

143,00 

2.2579 

22,00 

39.00 

1,2083 

23,00 

143,00. 

- 2,2142 

23,00 

29i.QP 

-Ui*«4 


COMPON ENT DESCRIPTOR S FOR MjlN OXYGEN FEEQLlNE 


COMPONENT 

type 

HATu INSUL 

SPECl 

SPEC2 

SPECS 

1 

i 

0 

0 

,0000 

.0000 

,0000 

2 

3 

2 

5 

5.000 

20,00 

,7500.. 

3 

20 

0 

0 

,0000 

,0000 

,0000 

4 

3 

2 

3 

9,160 

13,33 

,7500 

5 

20 

.. _0 

0 

-,0000 

-. 0000 . . 

- -.0000- 

6 

3 

2 

5 

4,160 

8,330 

,7500 

7 

2 

2 

5 

7,000 

.0000 

.7500 

A 

22 

□ 

0 

.0000 

-.0000 

• noon 

9 

2 

2 

5 

72,00 

.0000 

,7500 

10 

22 

0 

0 

,0000 

.0000 

.0000 

11 

- 2 

_2 

5 

_ 4 , OOP 

.0000. 

. 7500 . 

12 

3 

2 

9 

4,100 

1,750 

.7500 

13 

3 

2 

5 

1,380 

1.750 

,7500 

14 

2 

2 

5 

4,000 

-,.0000 

.7500 

15 

15 

0 

0 

,0000 

.0000 

.0000 

16 

20 

0 

0 

,0000 

,0000 

,0000 

17 

_ .. 3 

2 . .. 

... 5 . 

-1,000 . 

-1,270. 

. -,750o 

18 

20 

0 

0 

,6000 

.0000 

,0000 

19 

2 

2 

5 

1,500 

,0000 

,7500 

20.. . . 


Q 

0 

.uooo 

0000 

.2000 

21 

3 

2 

5 

4,000 

7,650 

v .7500 

22 

15 

0 

0 

,0000 

,0000 

,0000 

23 . 

20 _ 

0. . 

... 0 . .. 

-.0000. 

-.0000 

tonal!.. 
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CJl 

05 


Tt^e 2-k 



- SOPSA OUTPUT DATA LISTING 

(cont’d) 

24 

: 2 2 - -3 

-. 7,000 

.norm .7FOn 

25 

20 0 0 

,0000 

.0000 .0000 

26 

8 2 5 

1,000 

1,300 ,7500 


COMPONENT DESCRIPTORS 

FOR ENGINE 

oxygen Feed line number i 


_COME«NEALl TYPE — WAI^ — INSUL SPEC! SPEC 2 .. SpeCI 


i 

20 

0 

0 

,0000 

. 0000 

,0000 

_ . 2- - 

3 

... 2 ... . 

5 . ._ . 

. 3 , 800 ... 

1 . 500 

1 7500 

3 

20 

0 

0 

16060 

,0000 

.0000 

4 

15 

0 

0 

.0000 

.0000 

,0000 


COMPONENT DESCRIPTORS FOR ENGINE QXYCE.N FEEOLlNE NUMBER 2 


-COMPONENT TYPE -MATy— INSUI SFECl SPEC 2 SPECS 


i 20 0 0 ,0000 ,0000 ,0000 


3 

3 

3. 

3 

-2 

2 

S 5 , 50 ‘J 

5 3.930 

: 1,750 

2.500 

,7500 

,7500 

4 

20 

Q 

0 ,0000 

,0000 

,0000 


15 0 0 , 000 ° -,0000 ,0000 - 


COMPONENT DESCRIPTORS FOR ENGINE' OXYCEN FEEDllNE NUMBER 3 


COMPONENT 

TYPE 

MAT. 

! INSUL 

SFECl 

SPEC 2 

SPECS 

i - 

.20 

... 0 

_ ... 0 

,0000 - 

, 0000 

, 0000 - 

2 

3 

2 

5 

4,710 

2 ~> 000 

17500 

3 

3 

2 

5 

1,500 

2.860 

,7500 

4 _ 

- 2 

... 2 . 

.5 

3 , 00° 

, 0000 

■ , 7^00 

5 

3 

2 

5 

sieoo 

1^500 

i 7500 

6 

20 

0 

0 

,0000 

,0000 

,0000 

■ ■ • 7 

15 

0 

0 

,0000 

— .0000 

,0000- ---- 


COMPONENT Os 

SCRIPTORS 

for main 

HYDROGEN 

FEEOLINE 

COMPONENT 

TYPE 

hat,. 

i INSUL 

SPECl 

SPEC 2 

SPECS 

i 

1 

0 

0 ..- 

,0000 .._ 

_ ,0000 .- 

,0000 

2 

2 

7 

0 

1,000 

,0000 

,0000 

3 

20 

0 

0 

,0000 

,0000 

,0000 

c 

3 

7 . 

0 

9,440 

12,00 

.noOo 

5 

20 

0 

0 

,0000 

,0000 

,0000 

6 

3 

7 

0 

9,440 

12,00 

,0000 

7 

... 20 

. 0 .. 

. ..... a 

.,0000 

. ...,0000 ... 

,0000 

8 

15 

0 

Q 

,0000 

,0000 

,0000 

9 

3 

7 

0 

2,750 

1,750 

.0000 

10 

. 16 . 

0. 

0 

..lOOQO 

. , 0000 ... 

. .,0000. ■_ . ... . 

It 

3 

7 

0 

,9200 

1,750 

,0000 

12 

15 

0 

0 

,0000 

,0000 

,0000 

1.3 

20 . 

0 

... 0 .. . 

,0000 

,0000 

..._. .. ,cooo ... .... ... 

14 

2 

7 

0 

3,750 

,0000 

,0000 


Component 

DESCRIPTORS . FOR ENGINE 

HYOROGEN FPEDiJNE NUMBER 1 


COMPONENT type MAT-. INSUL SPECl 


SPEC 2 


SPEC} 
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Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 


1 

8— 

.7 

.0. . 

-1*000. 

-1,350 

,0000.. 

2 

20 

0 

0 

• 0000 

,0000 

,0000 

3 

3 

7 

0 

3*140 

1.500 

.0000 

4 

20 

0 

... 0 

-.*0000 

,0000 

.0000 

3 

13 

0 

0 

*0000 

,0000 

,0000 


COMPONENT np scR.IPX0RS_ £Dft . ENS 1 NEJiY0R0CE(L££EDL I NE NUMBER -2_ 

component 

TYPE 

HATU 

INSUL 

SPECi 

SPEC2 

SPECS 

1 

3 

7 

0 

2,350 

1,500 

,0000 

2 

4 

7 

0 

7,500 

1.5D0 

,0000 

•« 

20 

.0, 

0 

,0000 

.0000 

,0000.. 

4 

13 

0 

0 

*0000 

,0000 

,0000 

- ... 

COMPONENT OESCR I P.T0R8.. FOR EMC lNE JtY3R0CEN_£E6DL 1 NE _NUMBEB_3__ 

component 

TYPE 

MAT.! 

INSUL 

SPECi 

5PF.C2 

SPEC3 

i 

20 

0 

0 

.0000 

,0000 

.0000 

2 

3 

7 

0 

2,350 

1.500 

,0000 

3 

3 

7 

0 ; . 

9,150 

-1,750 

.0000 

4 

3 

7 

0 

5,490 

1,750 

,0000 

3 

20 

0 

0 

,0000 

,0000 

,0000 

—A 

ia_ 

s 

0 

.POOP 

.0000 

cO-OQJL. 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-k 

SOPSA OUTPUT DATA LISTING (CONT'D) 


THE THE DEPENDENT PERFORMANCE CHARACTERISTIC INPUT VALUES ARE AS FOLLOWS • . 


TIMF 

- NPSP 0 

n?sph 

wdtfro 

_ wotfrh 

fjfrac 

PENMNO 

PENMNH 

PPDGOT 

PPnGHT 

TOGOT 

TOGHT 

,00 

8,00 

2.00 

,000 

,000 

.000 

60,00 

30,00 

,00 

,00 

190,00 

60,00 

.20 

8,00 

2.00 

.000 

,006 

.000 

60,00 

30,00 

,00 

,00 

190,00 • 

60,00 

,40 

- 8,00 

2 , 0 n 

.005 

,01 3 ... 

,085 

60,00 

30,00 

,no 

,00 

190,00 

60,00 

,60 

8,00 

2 ■ 00 

.010 

,026 

.010 

60,00 

3 J , 00 

,00 

,00 

190,00 

60,00 

, 60 

8,00 

2.00 

,020 

,087 

.020 

60,00 

30,00 

,00 

,00 

190,00 

60,00 

1.00 

- 8,00 

2.00 

.085 

,081 

,085 

60,00 

30,00 

.00 

,00 

190,00 

60,00 

1,20 

8,00 

2.00 

,082 

.165 

.082 

60,00 

30,00 

,00 

,00 

190,00 

60,00 

i , 40 

8,00 

2.00 

,080 

,263 

.080 

60,00 

30,00 

,00 

,00 

190,60 

60,00 

- 1 1 60 

8,00 

2 . on 

,nnq 

,286 

. Q «0 

60,00 

30,00 

,00 

,00 

190,00 

60,00 

i i 80 

8,00 

2. 00 

.100 

,260 

.100 

60,00 

30,00 

,00 

,00 

190,00 

60,00 

2,00 

8,00 

2.00 

.170 

,298 

.170 

60,00 

30,00 

,00 

,00 

190,00 

60,00 

2 , 20 

8,00 

.. 2,00 . 

, 3 i 8 

,4 20 

.319 

- 60,00 

30 , 00 - 

.00 

,00 

190,00 

60,00 

2 i 40 

8,00 

2 i 00 

,866 

,510 

.866 

60,00 

30,00 

,00 

,00 

190,00 

60,00 

2,60 

8,00 

2.00 

.618 

,700 

.818 

60,00 

30,00 

,00 

,00 

190,00 

60,00 

0 . fln 

A 1 on 

? . on 

, 762 

, 893 - 

,762 

60,00 

30,00 

,00 

, oq 

190,00 

60 , 00 - 

3,00 

8,00 

2.00 

• 910 

i 996 

!?10 

60,00 

3 O ,00 

,00 

1 00 

190,60 

60,00 

3,20 

8,00 

2.00 

1.010 

,999 

1.010 

60,00 

30,00 

,00 

,00 

190,00 

60,00 


8,00 

2 j _ D 0 

1,020 

1.030 

1.020 

60,00 

30,00 

,00 

,00 

190,00 

60,00 

3,60 

8,00 

2.00 

1 i 020 

I.660 

1.020 

60 i 00 

30,00 

,00 

,00 

190,00 

60.00 

3,80 

8,00 

2.00 

1,020 

1,000 

1.020 

60,00 

30,00 

,00 

,00 

190,60 

60,00 

— 4.+00 

— a ., - oo - 

2*00 

1,020 

l+OOO — 

1+020 

60.0 b 

3-0+130 

+OD 

+J3Q 

m+jjfl 

60,00 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT’D) 

SAMPLE-CASE ..«._0RB HER .0 4DA , HiSH PENMN. 


JRaNS#- 

WOD0T 

--MD 30 T 

VEH ! Ci,F 

T/W.. 

DElPHD. DpLPHD 

PROP-O 

PROP-F 

PROP-TOT 

-JEN! 

PSNC. 

time' 

ox 10 , 

fuel 

WEIGHT 

RATIO 

0X1D, 

FUEL 

INCH 

I NCR 

CUM 

oxjo 

FUEL 

.00 

►2a 

,000 

4,470 

5503249,75 

1.000 

74,49 

2,65 

1 000 

,268 

,268 

60,00 

33. 00 

.40 

22,350 

5,215 

5503247,56 

1,000 

74,49 

2.65 

1,341 

,849 

2,438 

60,00 

36,00 

22,350 

9.485 5503241.61 

-1^000 

24,49 

2,65 

4,023 _ 

1.743 

8.225. 

.60,00 

30.00_ 

.60 
. 60 

44 , TOO 

15,645 

5503230.56 

1,000 

74,49 

2,65 

8,046 

3,263 

19.534 

60,00 

36,00 

1.00 

290,^50 
*• 15 1 4i n 

25,330 5503196,69 

67.460 5503140.94 

1.000 
_L, 000 - 

74,49 
74,46. 

2,65 

2,65 

26,161 

44,769 

5,722 

10,996 

33,416 

109.202 

60,00 

60,00 

3n , oc 
36.00 

1.20 
1 . 4n 

*(1,940 

73,010 

5503076,37 

1,000 

74,48 

2,65 

43,448 

19,132 

171,782 

60,00 

36,00 

1.60 

,000 

••12,665 

5503012.75 

1,000 

74,48 

2,65 

42,912 

22.732 

237.446 

60,00 

36,00 

69,400 

10,430 

5502941.87 1,000 

74.48 

2,65 

46,276 _ 

22j61B 

308.14.1 6.0,.0-Q 3dxD.0_ 

1.60 

2.00 

312, ’00 

25,330 

5502844,75 

1.000 

74,46 

2,64 

72,414 

24.764 

405,518 

60,00 

30,00 

2.20 

661,560 

93,670 

5502662,00 

l.oao 

74,47 

2,64 

130,862 

31.916 

568,316 

60,00 

36.00 

661 , 56a 

67.050 

5502430.1? 1,000 

Z.fi47 

2.64 

210,269 

41 J 571_ 

820,136 

60 , 00._. 

36 ,,pQ_ 

2,40 

2.6n 

661,360 

141,550 

5502066,50 

1.000 

74,46 

2,64 

289,636 

54,087 

1163,899 

60,00 

36,00 


661,560 

143,765 

5301646,25 

l.oao 

74,45 

2,64 

369,043 

71,207 

1604,149 

60,00 

30,00 

2 . 60 

661,560 

76.735 

5501113,44 

a.dqq 

74.43 

2.64 

448,430 

84,438 

2137,018 

60,00 

36,00 

3.00 

3.20 

447.000 

2,235 

5500509,37 

1.000 

74,42 

2,64 

514,944 

89,176 

2741,138 

60,00 

30,00 

3.40 

44,700 

.745 

5499875,62 

1.000 

74,40 

2,64 

544,446 

89,355 

3374,939 

60,00 

’30,00 

.000 

,000 

5499239,12 

1.000 

74.39 

2.64 

547,126 

69.400 

4011.467 _ 

60 JLQ 

__ laxQJL 

3.60 

3.60 

• 000 

,000 

5498602.62 

1.000 

74,37 

2,64 

547,128 

89.400 

4647,995 

60,00 

30,00 


• 000 

,000 

5497966,12 

1,000 

74,35 

2,64 

547,126 

89,400 

5284,523 

60,00 

36.00 


4.00 
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Table 2-k 

SOPSA OUTPUT DATA LISTING (CONT'D) 

— .SAMPLE-CASE *_ORBITER-040Ai_HIGh. PENmN *._0XY.GE1LJ5UPP.UL-S*S.TEM- 

0EI.TA-P to SUPPLY ACCELERATION head 


delta 

TIME 


05 

o 


00 

20 

AO 

60 

60 

00 


20 

«0 

60 

80 

00 

20 

40 

60 

60 

00 

20 

40 

60 

80 

00 


IN LINE 

MAJN LINE 

MAIN LINE 

MAjN LINE 

main line 

MAIN LINE 

MAIN LINE 

main line 

Main line 

MAIN LINE 

main Line 

main line 

• 000 

• 000 

• 000 

.000 

,000 

,000 

*000 

,000 

,000 

,000 

:ooo 

,000 

2*635 

2,245 

1,916 

1.686 

1.482 

1,313 

1,171 

1,051 

,949 

• 860 

: 784 

.717 

2.633 

2,245 

3,936 

L.686- 

1.482- 

1.313 

1(171 

1,051 

,949 

.860 

1784 

.747 

5.270 

4,491 

3,872 

3,373 

2,965 

2,626 

2(342 

2,102 

1,897 

1,721 

1 1 568 

1,435 

34.257 

29,189 

25,168 

21,924 

19.269 

17,069 

15,225 

13,665 

12,332 

11,186 

I0ll92 

9,325 

^3.-3 At 

»1 . 34T 

— *1,162- 

«1»012 

■ ,88 9 

.-,788 

» , 703- 

“ , 631 

*,569 

_ -.51,6 

_ »l4?q 

* , 43n 

-1.Q54 

• ,898 

-,774 

-.675 

• ,593 

-,525 

« 1 468 

•>,420 

-.379 

-,344 

*1314 

-.287 

• 000 

• ooo 

• 000 

.000 

.000 

,000 

lOOO 

.000 

.000 

,000 

looo 

.000 

30.541 

8,981- 

7,744 

6 ,7.6 6- 

5,929. 

5. 252 

4,645 

4,205- 

.. 3.795 

3.442 

3l 1 36 

2.869 

36 . 852 

31,435 

27,104 

23.611 

20,752 

18,362 

16,396 

£4,716 

13,281 

12.046 

101976 

10,042 

78,000 

66,462 

37,306 

49,920 

43.873 

38,865 

34,667 

31,114 

28,080 

25,469 

231207 

21,233 

78.000 

66,462 

57.306 

49,92a 

43,875. 

.38,865.. 

34,667- 

31,114- 

26.Q8Q 

25.1.469 

23.207 

21,233 

78.000 

66,462 

57,306 

49,920 

43.873 

38,865 

34,667 

31,114 

28,080 

25,469 

231207 

21,233 

78.000 

66,462 

57,306 

49,920 

43,873 

38.865 

34,667 

31,114 

28,080 

25.469 

231207 

21,233 

is , ooo 

66,462 

_ _37_»3Q6. 

49.92H 

43.875 

38,865 

J4.667 

31 ,114 26 . 06Q 

25,469 

23l207_ 

21,233 

52,703 

44,907 

38,720 

33,730 

29,643 

26.260 

23,424 

21,023 

18,973 

17,209 

15 1 68G 

14,3*6 

5.270 

4,491 

3,672 

3,373 

2,965 

2,626 

2,342 

2,102 

1,897 

1,721 

1.568 

1.435 

jooa 

, any 

.DOO 

,000 

.000 

.000 

.000 

.000 

.000 

_ . ,000 

_ looo 

... j .0.0.0 - 

• 000 

• 000 

,000 

,000 

• ooo 

,000 

,000 

,000 

,000 

,000 

looo 

,000 

• OoO 

• ooo 

,000 

.000 

,000 

,000 

,000 

,000 

,000 

,000 

looo 

,000 
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Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 


.'..71 _ SAMPLE. CASE-r-ORB I TER. 040A, ..HIGH. PENMN _...*..HYDR05EN .SUPPLY _SYST£M._: 


OJ 


DeLTA"P TO SUPPLY ACCELERATION HEAD 


DELTA 

12,0 INCH 

13,0 IN;H 

14,0 INCH 

1 5 ,0 INCH 

16,0 INCH 

17,0 INCH 

18,0 INCH 

19,0 INCH 

20.0 INCH 

21,0 INCH 

22, 0 I NCH 

23,0 INCH 

TIME 

MAIN LINE 

MAIN L i N£ 

MAIN LINE 

MAIN LINE 

MAIN LINE 

MAIN LINE 

MAIN LINE 

main line 

MAIN LINE 

MAIN LINE 

main Line 

main line 

.00 













,20 

,144 

,122 

,106 

.092 

.081 

,072 

,064 

,057 

,052 

.047 

:oa3 

.039 

.40 

CO 

rl 

,143 

,123 

.107 

.094 

,084 

|Q'5 

,067 

.060 

,055 

i 050 

,046 

.311 

r 

,229 

,190 

.175 

,155 

,138 

,124 

.112 

,102 

_ :093 

•JJ85 

• 6 0 
•AO 

,S03 

,429 

.370 

.322 

.283 

.251 

,224 

.201 

,181 

,164 

.150 

.137 


,8l4 

,694 

,598 

.521 

.458 

,406 

,362 

,325 

O 

, 266 

1242 

,222 

i,oo 

2.012 

t , 

1 ,478 


1.132 

1.003 

,894 

. 803 

.724 

,657 

159 9 

i548„ 

1,20 

1,40 

2.346 

2,000 

1,725 

1,903 

1,321 

1,170 

1 1 013 

,936 

,845 

,767 

i 698 

,639 

-.407 

-.347 

- , 299 

-.261 

-.229 

-.203 

• fill 

-.162 

-.147 

-.133 

- 1 121 

-.111 

.091 

1,60 

.339 

.286 

.246 

.219 

.189 

,167 

.149 

.134 

.121 

,110 

:ioa 

1,80 

.2,00 

2,20 

.814 

,694 

,598 

.521 

.458 

,406 

,362 

,325 

,293 

,266 

; 2 4 2 

.222 

3.018 

2,572 

2,218 

1.932 

1.698 

1,504 

1|342 

1,204 

1,087 

,986 

; 898 

.822 

2.156 

1.837 

1.584 

1.380 

1.213 

1.074 

,938 

.860 

.776 

,704 

• 641 

.587 

2,40 












1.239 

4,3.52 

3,879 

3,344 

2.913 

2,560 

2,268 

2,023 

1,816 

1,639 

1.486 

1 1 354 

, 2,60 


4,623 

3,940 

3,397 

2.959 

2.601 

2.304 

2 1 055 

1.844 

1.664 

1.510 

i;376 

1.259 

2,80 

2.4*7 

2.10? 

1.813 

1.579 

1.388 

1,229 

1,0?7._ 

.984 

.888 

, 806 

i 734 

1 67g_ 

3,00 

3,20 

.072 

,061 

,053 

,046 

.040 

,036 

i0 3 2 

,029 

,026 

,023 

: 02i 

,020 

.024 

,020 

,018 

m 

o 

• 

.013 

,012 

|0U 

,010 

,009 

.008 

;oo7 

,007 

.000 

3,40 

.□no 

j.000 

,000 

.000 

.000 

.000 

,000. 

. i0QQ_ 

lQCLQ_ 

J.0.OJL 

L0M_ 

3,60 











:ooo 

,000 

3,80. 

.000 

,000 

,000 

,000 

o 

o 

o 

• 000 

,000 

,000 

• 000 

,000 

.000 

,000 

,00Q 

.000 

.000 

,000 

,000 

,000 

,000 

,000 

.000 

.000 


00 
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Table 2-k 

SOPSA OUTPUT DATA LISTING (CONT’D) 

sample case «-orbJterq4oa, highpenmn-.. .-.oxygen. supply- system, 

3ELTA-P OUE TO LINE FRICTION AND CONFIGURATION LOSSES 


DELTA 12 i 0 INCH 
TIME MAIN LINE 


13,0 INCH 14,0 INCH lS.0 INCH 16,0 INCH i7,0 INCH *B,U INCH 19,0 INCH 20,0 INCH 21,0 INCH 22,0 INCH 23,0 INCH J 
MAIN LINE MAIN LINE MAJN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN LINE MAIN i’InE MAIN LINE i 


,00 

.20 

,4Q 


, 60 
.30 
1,00 


05 

CO 


1,20 

1,40 

1,60 


,0000 ,0000 

,3431*03 ,2368-03 

-,3oB8*o2 — ,2131*02 
,1235*01 ,8525-02 

. 1513+00 ,1044+00 

-,.3827*00 — ,2642+00- 
,3602+00 ,2486+00 

,3513+00 ,2425+00 

_,4446+00 — ,3069+00- 


,0000 ,0000 ,0000 ,0000 

,1682*03 , 1226-03 ,9124*04 ,6923-04 

-,1514*02 1103=02— ,821i*03_. 6230-03. 
,6057-02 ,4412*02 ,3285-02 ,2492-02 


,7420*01 .5405*01 ,4024*01 ,3053*01 

-,187-7+00 — ,1367*00 — ,1018+00 — ,2723=01- 
,1766+00 .1287+00 ,9578*01 .7267*01 

,1723+00 ,1255+00 ,9343*01 ^OB’-Ol 

_,2lb0+00— ,1588 + 00 ,1182+00 ,8972=01 


1,80 
0. nn 

,1000+01 

,6905+00 

, 49Q6+00 

.3574+00 

,266o*00 

,20l9+00 

,1558*00 

,1220+00 

,9895-01 

.7955-01 

,6466-01 

,5308*01: 


,3268+01 

,2256+01 

,1603+01 

•1167+01 

,8691+00 

,6594+00 

,5086+OQ 

,3986+00 

,3233+00 

,2599*00 

,2112+00 

,1734+00 

2,20 

-,6435+cl- 

,5622+01 

.,4137 + 01 .3013+01- 

2243+01— 

.,17o2+01_ 

_.,.1313 + U1_ 

.,1029 + 01. 

—.8343+00. 

_ ,6707 + 00_ 

-,5452+00- 

.4475+00 

2 , 40 

,1601+02 

,1105+02 

,7350+01 

.5718+01 

,4257+01 

,3230+01 

,2492+01 

,1952+01 

,1583+01 

,1273+01 

,1035+01 

,8493+00 

2 1 6 0 • - 

.2593+62 

\ 1793+02 - 

,1274+02 

,9282+01 

,69lo+Ol 

,5243*01 

, 4045+01 ’ 

73169+01” 

,2370+01 

,2066+01 

1679+01" 

~7l379+'oi' 

2,80 

_a3837 + 02 

,2648+02 

.a8.0.1 + 02_ 

jJ.371+02, 

.1020+0? 

-J741+01. 

_i 5973+OI 

.j 4679*01 ,.3795+01 , 3051 + 01 ,2480+01. 

,2035*01 

3,00 

. 5q59 + o2 

,3492+02 

,2481+02 

,1807+02 

,1345+02 

,1021+02 

,7877+01 

,6170+01 

.5004+01 

,4023+01 

,3276+01 

.2684+01 

3,20 

\5ft55+o2 

,3903+02 

,2773+02 

’'.'2020+02'” 

’,1504+02 

,1141+02 

“,8803+01“ 

76897+01“ 

“75594 + 61“ 

,4497+01 

“,3655 + 01 

,3000+01 

3,40 

.j5J_ll+0l 

,3942+02 

_t28.Ql+02_ 

*20.4Q+Q2_. 

_jl.31.?+fl2 

j.11 52+02 . 

,8892+01 , 6965+0.1. 

.56.49 + 01. 

t454l+01 

_|3$ ?l+01. 

,3030+01 

3,60 

.5711+02 

,3942+02 

,2801+02 

.2040+02 

,1319+02 

,1152+02 

,8892+01 

,6965+01 

,5649+01 

,4541+01 

,3691+01 

.3030+01 

3,80 

.5711*02 

,3942+02 

,2801+02 

,2040+02 

7 1519+02 

,1152*02 

,8892+01 

76965+01’ 

"73649+01“ 

"“,4541+01 

“,3691+01 

”,3030+0l’ 


0000 ,0000 ,0000 

5342 -04 ,4 1 8 4 • 0 4 _ , 3393-04 

4807-03 ,3766*03 , 3054-03- 

lY 23*02 ,1506*02 ,1222-02 


,0000 


,0000 


.0000 


2356-01 ,1845*01 ,1497-01 

5959*01 ,4667*01 ,3786=01- 

5607-01 ,4392*01 ,3562-01 


,2728*04 ,2217-04 ,1820*041 

-.2453*03 ,1996-03 ,1638-034 

,9821-03 ,7983-03 ,6353-03; 

.1203=01 ,9779-02 T8027-02^ 

-.3043*01 2474 = 01_ ,.2031-OL 


,2864=01 ,2328-01 .l’ll-Ol! 

5470*01 ,4284-01 ,3475*01 ,279 4.0 1 ,2 2 7 1 - 0 1 ” 7l 8 6 4*01 

.6923=01 .5422-01 ,4398-oi_. 3536 = 03 , 2« 7.4 =01— ,2359^01. 


4,00 
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Table 2-h 

SOPSA OUTPUT DATA LISTING (CONT'D) 

SA MPLE CASE _0RB I TER ..0.40 A.#.. H I.GH . PENMN .•.HYDROGEN . SUPPLJLSYSTEIl 

jelta-p due to line friction and configuration losses 


delta 

time 

12,0 Inch 
main line 

13,0 INCH 
MAIN LINE 

14,0 INCH 
MAIN LINE 

15,0 INCH 
MAIN LINE 

16,0 INCH 
MAIN LINE 

17.0 INCH 
MAIN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 

main line 

20,0 INCH 
MAIN LINE 

21,0 INCH 
MAIN LINE 

22 . 0 TNCH 

main Line 

23.0 INCH ‘ 

main line 

,00 
,20 

« 10l7«o3 

,7183-04 

,5213*04 

,3874-04 

,2938-04 

,2269-04 

,1780*04 

,1416-04 

,1141*04 

,9299*05 

,7635-05 

,6361*05 


.1020*02 

,7202-03 

,5227-03 

•3883-03 

,2946-03 

,2275-03 

,1785-03 

,1420-03 

,1144-03 

,9323-04 

,7677-04 

,6379-04 

a 40 

. 4?98-n2 .3035-02 

.2202*02 .1637-02 .1241-02 

j 9986-03 

,7521*03 .5984-03 4821-03 .3929-03. 

,3234-03 

,2_688»Q3_. 

• 60 

.1906-01 

, 1063-01 

. ,7717-02 

.5734*02 

,4349*02 

.3359-02 

,2633*02 

.2096-02 

,1689-02 

,1376-02 

,1133-02 

.9416-03 

.AO 













,4629-01 

,3269*01 

.2372*01 

•1763-01 

,1337-01 

.1033-01 

,8101*02 

,6446-02 

,5193*02 

,4232-02 

,3484-02 

,2895-02 

1,00 

.1710*110 

120.7*00 

_4 8.763-01 ,65l25J31_a.939-0l ,301.4-01 ,2’?2-01 .2381*01 . 1918-01 ,1563-01 t „l20j_-_OJl — ,136 ?-qi_ 

1,20 
X» 4Q 

, 5176-00 

,3655*00 

,2653+00 

•1971*00 

,1499+00 

,1155*00 

,9058-01 

,7207-01 

,5806-01 

,4732-01 

,3899*01 

,3237-01 


,7321-00 

,5169*00 

,3752*00 

.2788*00 

,2113*00 

,1633*00 

,1281+00 

,1019+00 

,8212-01 

,6692-01 

,5509-01 

,4570*01 

1 ,60 

.7235-00 .5100*00 

i37Q7^0Q 

,2759+00 .2090+00 ,101<+OO ,1266*00 ,1007*00 

,8116-01 ,6613-01 

,5443-01 

_ii.524^01_ 

i,ao 

2,00 

.8672*00 

,6123*00 

,4444*00 

•3303*00 

,2505*00 

,1934*00 

,1518*00 

,1207*00 

,9728*01 

,7928-01 

,6526*01 

,5423*01 


.1440*01 

,1017*01 

,7382*00 

.5486+00 

,4161+00 

,32i3+00 

,2921*00 

,2006*00 

,1616+00 

,1317*00 

,1084*00 

,9008-01 

2,20 

.2444*nl 

,1726 + OJ. 

,1252+01 

.9307+00 .7059*00 

.3451+00 

,4277*00 

,3403*00 

,2742*00 

,2234+00 

,1839*00 

.1528+00 

2,40 

2,60 

.4l37*ol 

,2921*01 

,2120*01 

.1575*01 

,1195+01 

,9228*00 

,7239*00 

,5760*00 

,4641+00 

,3782*00 

,3113*00 

,2507*00 


,7l70*ol 

,5063*01 

,3675*01 

•2731*01 

,2071*01 

,1599*01 

,1259*01 

,9983*00 

,8044*00 

,6555*00 

,5396*00 

.448**00 

2, B0 

.1008*02 

.7119*01 

,5167*01 

.3840*01 ,2912*01 

, 2249*01 

, 1764*01 

,1404*01 

,1131*01 

,9217*00 

,7508*00 

.6305*00 

3,00 

3,20 

.1125*02 

,7941*01 

,5763+01 

.4283+01 

,3248+01 

,230 8 *01 

,1968*01 

.1566*01 

,1262+01 

,1028*01 

,0403*00 

,7033*00 


.1129*02 

,7973+01 

,5786*01 

•4300*01 

,3261*01 

,25l9*0i 

.1976*01 

.1572*01 

,1267*01 

• 1032*01 

,8497+00 

,7061*00 

3 , AO 

.Il30*o2 

.7981*01 

.5792+01 

.4304*01 .3263+01 ,2321*01 

,1978*01 

.1374+01 

,1260+01 

,1033*01 

,0506*00 

,7060+00 

3,60 

3,60 

.1130*02 

,7981*01 

,5792*01 

.4304*01 

,3265*01 

,2521+01 

,1978*01 

.1574*01 

,1268*01 

,1033*01 

,8506+00 

,7068*00 


.1130*02 

,7981*01 

,5792+01 

.4304*01 

,3265*01 

,2521*01 

, 1978+01 

,1374*01 

,1268+01 

,1033+01 

,8506+00 

,7068*00 


4,00 


96£t66v - OSWI 



LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (COWT'D) 


SAMPLE, CASE_.-_ ORB I TER-040Ai_ HIGH . P 6 NM 6 L .1 OXYGEN ENGINE FEEDL I NE.SYSTEM 

DELTA-P TO SUPPLY ACCELERATION HEAD dELTA-P ole to LINE FRICTION and CONFIGURATION Losses 

delta engine engine engine engine engine "engine engine engine “ 

TIME line no 1 L'l NE NO 2 L I N E NO 3 LINE NO 4 LINE NO 1 LINE NO 2 LINE NC 3 LINE NO 4 

.00000000 ,00000060 ,00006600 ,06600060 ,66000000 i 00000000 ,00000000 ’, 00000666 “ 

,20 

- ,4l76?U0-Ql . , 7635l536«Ql.., 96341 784«01_, 00000000 .9l065396*05__,6779i62<*05_,.7e31Q665.-Q3_,Q000OOOO_ 

,40 

,<1769109-01 ,76351536*01 ,96341702*01 ,00000000 , 45958857*04 ,61012462*04 .7Q479599-04 ,00000000 

,83538221-01 ,15270308 ,19668337 TOOOOOOOO ^18383543*03 ' , 24404985*03 '728l9ie40*63“ l 00000006“ 

• 60 

— ,54299843. ,99256998 1,2784432 .OQOOOOOO .22519639»O2_,29896iQ6*Q2_,34535OO3-02_,O0OQOQ0O_ 

1 ,00 

»,25o61462-01-, 45810915-01*, 39003060*01 ,00000000 ,56966513*02 ,75625624-02 ,87360246*02 ,00000000 

* , 16707646-01*, 30540619-01* , 393367i9«0l , OQOOOOOO ,”936Q6410»0Z’ ’, 7ll64935s02~82207404*02“’o00000bo“ 

1.40 

.OOoOOOOO ,00000000 ,00000000 -.00000000 ^ 52290966*02 , 69418623 * 02 ..., flOl9Ol20-O2_,ODOOOOO0_ 

1,60 

,16707643 .3054Q613 ,39336711 ,00000000 ,66180752*02 ,87657944*02 ,10149062*01 ,00000000 

““,58476748 1,0689214 1,3767848 .OOOOOOOO . 14 89 Q 6 6 9* oV Tl9 76 8 0 3 8 «01~ ,2 2835390 *0 lF 00 0000 6 b“ 

2,00 

i 1.2363657 2,2600056 2. 9109170 -.OOOOOOOO ,4864367l»01_. 64576673-01-. 74396860-01-, OOOOOOOO.. 

2,20 

1,2363633 2,2600053 2,9l09l63 ,00000000 ,12555081 ,16667411 ,19253648 ,00000000 

...2,40 ■ _ 

1.2363657 2,2600056 2,9lo9l70 ,00000000 ,23825071 ,31626860 ,36536624 .OOOOOOOO 

2,60 

... 1,2363653 2,2600053 2,9l09l&5___,Q0000000 ,38674399__, 51342013 .59308614 , OOOOOOOO 

2.80 

1.2363637 2,2600055 2,9lo9l68 ,00000000 ,371030*2 ,75806872 ,87569617 ,00000000 

.3,00. 

,63538232 1 . 527 Q 310 1,9668339 ,00000000 ,75298991 , 9996281 B 1,1547378 ,00000000 

3,20 

,83538133-01 .13270291 ,19668336 ,00000000 ,B417*l57 1,1174500 1.290«417 .OOQOOOOQ 

3.40 

,00000000 ,00000000 ,00000000 ,00000000 ,83005499 1,1284865 1.3035906 ,00000000 

.a^AO : : ■ 

,00000000 ,00000000 ,00000000 ,00000000 ,65005499 1,1284865 1,3335906 ,00000000 

3,80 

--,00000000 -..OOOOOOOO ,00500000 ,00000050 , .850054?? 1,128.486.9 l.,3033906 o.Q00Q0000_ 

4,00 
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Table 2-4 


SQPSA OUTPUT DATA LISTING (CONT'D) 


SAy|PLE...CASE. «..0RBlTER_04QAi. .HlCH_PENMhL *HYDR06iN_ENCJNE FEEDUNEj SYSTEM ... 


03 

CJI 


DELTA 
time 
»- 00 - 


20 

40 

60- 


BO 

00 

20 - 


4Q 

60 


00 

20 

ACL 


60 

80 

OQ_ 


3 

3 

;_ii 

3 

4 


20 

40 

60- 

BO 

00 


DElTA*P TO SUPPLY acceleration head delta-p DUE to line friction AND CONFIGURATION LOSSES 

ENGINE ENGINE ENG j N£ ENGINE ENGJ NE ENGINE * ENGINE ENGINE ' 

LINE NO 1 u tNE NO 2 LINE NO 3 LINE NO 4 LINE NO 1 LINE NO 2 LINE NO 3 LINE NO 4 

,877151 38- Q 2~7 1 4 5 5 ^ 79 *by“72 4 S 5 7 8oT« 01 ToOOoO 0 0 0 73 239 433 4 a Q 5^5 Q80 10 5 8~*05 ,6735282 6^Q5 , 0 00000 00~ ‘ 

_, 10233433 - 01 -., 16 ? 84076 *OL_, 2865 Q 7771 » 01 _, 0000000(1 . 32484338 « 0 i_| 50942 t 72 -f 04 _,. 67539 ?l 7 - 04 _., 00000000 _ 

• 19004946^01 , 31541854*01 , 53208584*01 ,00000000 , 13686614*03 . 21463447*03 , 28456569*03 ,00000000 

, 30700298^01 ^ 50952227*01 f 85952330*01 ,00000000 747952643*03 , 75199678*03 “ 799700893 » 03 ~T 0 b 000000 “ 

. 49703245 » 01 ._, 82494083 ? 0 l_il 3 ?l 6092 ..OOQOOOQO .lA 743030 ® 02 _ J 23120 i 26 * 02 _, 306530 l 9 fP 2 _ J 00000000 . 

, 12280119 ,20380890 ,34380931 ,00000000 , 94454909*02 ,B 5396580«02 , 11322010»01 ,00000000 

”,14326806 Ti 3777706 . 4 0 iTl 087 , 00000 OOO J. 6 48 36 B 7*01 < 258 ' 49836 *'dl , 3 4 272112*01 To 0 OOOOOT 

*.. 24852625 - 01 - 1 , 4 l 247 Q 46 r 01 =L, 69 ? 8 Q 46 S?ai_ 4 -QQ 0 o 0 Q 0 Q_ , 23313226 * 01 . , 36559 ? 6 _ 9 .« 01 -_, 4 B 47177 Q*Q 1 _. QOOOQOOO. 

, 20466668-01 , 33968 l 56 « 0 l , 57301561*01 .OOOOOOOO , 23039224*01 , 36130277*01 , 47902078*01 ,00000000 

, 49709238^01 , 82494070^01 ,l 3 ?i 6090 TOOOOOOOO 72 7 6 1 7 6 2 7 " OlT, 4 331 01 60 * oT 757~4 21277*01 , 00000000 “ 

18420180 , 3057133 ?. , 51 ? 7 i 4 Ql .OOOnOOQO . 45873645*0 1 . 7 1939379*01 . 95378337*01 .OOOOOOOO 

,13157269 ,21836666 , 36»36708 ,00000000 , 77827437*01 ,12204954 ,16181517 .OOOOOOOO 

~ 27776463 ~ ^ 6 099638 777^66400 TddOoobdd 713174604 120660506 727392020 7 b 00 "b 0000 “ 

,28215033 46827518 , 78??4275 __x 00000000 ,_ 228 _ 3486 l ,33809793 ,47477176 , OOOOOOOO, 

,15037766 ,24990856 ,42157574 ,00000000 , 32 i 09293 ,50354023 ,66760140 , 00000000 . 

74385 75 ^ 1 - 0 2 “ 7 Y 2 7 8 8867-02 7 l 2 2 78 8 99*01 7 000 00000 73581 39 8 3 756 1 6 3 7 4 5 77 4 4 6 2 7 3 8 7 dOOOOOO(T 

, 146 l’ 218*02 , 24263912 * 02 _, 40 9 2 ? 760 , ’ 02 -., 0 p 000000 , 359577 . 4 ?. , 56389 i 89 ,74761655 , 00000000 ; 

,00000000 ,00000000 ,00000000 ,00000000 ,35993727 ,56445621 ,74836475 ,00000000 

~Tboobboob Tdooddodo 7 doddddoo TdodooTdd 735993727“ ,56445621 774836475 Tooodoooo - * 

OOOOOOOO , 00000.000 , noPOQOO Q .OO OaOO QO .359 93 727 ,5 6 4436 21 , 74836473 _ ,0000.0.000 . 
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Table 2-k 

SOPSA OUTPUT DATA LISTING (CONT’D) 

T SAMPLE .CASE..-_QRBlT.ER-G40Ai--HiGM PENMN -...OXYGEN SUPPLY. SY.S.TEM. 


ULLAGE PRESSURE REQJIREO FOR 3 ENdNE OPERATION 


DELTA 

time 

12,0 INCH 
MAtN LINE 

13,0 INCH 
MAJN LINE 

14,0 INCH 
MAIN LINE 

iM INCH 
MAIN LINE 

16,0 inch 
main LINE 

17,0 INCH 
MAtN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 
main line 

20,0 INCH 

main line 

21,0 INCH 

main line 

22,0 INCH 
main L’ine 

23,0 INCH 
main line 

lOO 
• 20 

»ll , 486 

*11,486 

"11,486 

■11,486 

•11.486 

•11,466 

•111 486 

•11,486 

*11,486 

•11,486 

-111 486 

•11,486 

• 40 

-8,753 

*■9,142 

*9,452 

*9,701 

•9 , 906 

•10,075 

■10 1 217 

•10,337 

•10,439 

•10,528 

•10.604 

*10,671 

e 8,750 

.?V.,14Q 

.. .-9,450- 

*9,700- 

-9.9n3 

•10.074 

*10,216 

•10,336 

•-10,439 

*10.527 

•101604 

"10,87a 

• 60 
. ,eo 

'■» 6 « Q 0 6 

-6,790 

-7,4il 

-7.912 

-8,321 

•8,661 

*8,943 

•9,185 

-9.391 

•9,567 

-91720 

*9,834 

1 • 00 

24.2o5 

19,090 

15,039 

11,775 

9.106 

6,896 

5,046 

3,46a 

2,144 

,995 

• looi 

• , 8 7 0 

_ai2,682 

■12,567 

•12,458 

— .12,339- 
•12,028 

_ *12,271. 
•11.98Q 

--12*194 

•1Z*12Z_ 

•12,J36B_ 

•11,659 

•12,015 

*11»?7j3 

•All 929 


1.20 

-1.40 

1,60 

"12,176 

•12,132 

*12,080 

*11,935 

*11,895 

•11,826 

•11,798 

•ll 1 773 

*11,750 

*1 1 • 122 

*11,231 

-11,301 

*11,348 

•11.380 

*11,402 

-11,418 

•11.430 

*11,438 

-11,445 

•111450 

*11.455 

-"-,-091 

"1,788- 

-3*114 . 

*4,l7l_ 

•5.079 

s5 *734- 

»6,322_ 

•6.8*7 

•7,238 

•Zj5 9 9L 

• 7 1 9 1 1 

F (L*18_3 

1.80 
- 2,00- 
2.20 

27.8i3 

22,047 

17,517 

13.890 

10.940 

8,506 

6,474 

4,760 

3,302 

2.048 

1963 

.018 

72,780 

78,072-. 

60,229 

63,923- 

50,421 

-33,079. 

42,600 

—.44,570- 

36,256 

37,7^5 

31,037 

3j.703 

26,688 
27,616 

23,024 

23,7791- 

19,915 

20,551- 

17,241 
1 7 1 776 

141930 

151388 

12,918 

2 1 40 
2 .60 
2.80 

85,823 

69,328 

56,974 

47,456 

39,950 

33,913 

28 , 977 

24,883 

21,481 

18,560 

161099 

13,900 

96,041 
1 C 8 1 ..Z 18 

76,452 
.85,294 

62,105 
- .68,471. 

31,259 
. —55,978- 

42,842 

46.430 

36,165 

38,959. 

30,769 

-32,9?3. 

26,339 

-28.145 

22.707 

,24,227. 

19,592 

20,873 

161943 

181039 

14,668 

15.621 

3. CO 
3,20 
3.40 

94,996 

71,527 

55,232 

43,305 

34,802 

28,171 

23,003 

18,895 

15,680 

12,935 

10 1 653 

8,733 

31,909 

47*029. 

33,609 
. 29,336 

21,690 

-.17*924- 

13,660 

10.319 

8,089 

5.105 

4,122 
1*441- 

1,232 
_ *1,1*1- 

", *16 
•3.118 

•2,424 
• 4 1.4 3.4 

•3,697 
• 5.j 54l_ 

•4 1692 

"61.392 

*5,480 

•7.053 

3,60 
3 • 80 

47.0«5 

29,352 

17,940 

10,333 

5.121 

1,437 

•1,175 

*3,102 

•4,418 

•5,525 

•61376 

•7,037 

4,00 

47,061 

29,368 

17,956 

10.351 

5.137 

1,473 

•1,159 

•3,086 

-4,402 

.5,509 

"6 1 360 

•7,021 
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LOCKHEED MISSILES 8c SPACE COMPANY 


Table 2-h 

SOPSA OUTPUT DATA LISTING (CONT'D) 

SAMPLE-CASE ORBlTER _Q4 QAi-_HIGH..PENmN • HYDROGEN. SUPPLY. SYSTEM 

ULLAGE PRESSURE REQUIRED FOR 3 ENGINE OPERATION 


DELTA 

time 

12,0 inch 

MAIN LINE 

13,0 INCH 
MAIN LINE 

14,0 INCH 
MAIN LINE 

1*,0 INCH 
MAIN LINE 

16,0 INCH 
MAIN LINE 

17,0 INCH 
MAIN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 

main line 

20,0 INCH 
MAIN LINE 

21,0 INCH 
MAIN LINE 

22,0 INCH 
main Line 

23,0 INCH 

main line 

• 00 
- ,20 

30.922 

30,501 

30,484 

30,470 

30,459 

30,450 

30,442 

30,436 

30,430 

30,425 

301421 

30,417 

• 40 

30,951 

90,926 

30,506 

30,490 

30.477 

30,466 

30,437 

30,449 

30,443 

30,437 

30 1432 

30.428 

JO 1 723 

30,626 

3Q,63fl_ 

30,608- 

30.584 30,563 

30.546 

30.532 

3.0 j 520. 

30.509 

301500 

30.492 

• 60 
• ao 

30.959 

30,680 

30,818 

30,768 

30,728 

30,695 

30,657 

30,643 

30,623 

30,606 

301592 

30.579 

31.357 

31,223 

31,118 

31.035 

30.968 

30,912 

30,866 

30,827 

30,794 

30,766 

301742 

30.721 

1.00 

32.892 32.544 

_J2i2Z5 

32+042- 

31.890 31.750 

31,633 

31.536- 

31,453- 

3li3 8 2- 

3^1.3 21_ 

iL.268- 

1.20 
-1 1 40 

33.659 

33,155 

32,700 

32,489 

32,260 

32,075 

31,924 

31.798 

31,693 

31,603 

311527 

31,461 

30,679 

90,324 

30,430 

30.373 

30.337 

30,315 

30,302 

30,294 

30,290 

30.288 

30 1 288 

30.289 

1 • 60 

31.919 

31.257 

31.077 

30.950 

30.858 

30,788 

30,736 

3-0,694 

30.662 

30,636 

301.614 

30.596 

1.60 

2.00 

32.233 

31,858 

31,594 

31.403 

31,260 

31,151 

31,065 

30,997 

30,942 

30,897 

301859 

30.828 

2.20 

39*429 

34,556 

33,922 

33,447 

33,080 

32,792 

32,560 

32,371 

32,215 

32.084 

311973 

31,878 

39.486 

34.449 

33.723 

33.197 

32.805 

32,506 

32,272 

32.086 

31l?36 

31,814 

311711 

31.626 

2.40 

2.6QL 

40.097 

38,208 

36,872 

- 35,897 

35.163 

34,599 

34,195 

33,800 

33,511 

33,273 

33.074 

32,906 

2.80 

43,416 

40,625 

38,694 

37.312 

36,294 

35,525 

34,932 

34,465 

34,091 

33,787 

331537 

33,329 

43,993 

40,669 

38,428 

.36 ,862_ 

35.748 

34,926 

34,309 

33.836 

33.467 

33.175 

3 ?; 941 . 

32,750 

3,00 

3,20 

42,434 

39,118 

36,932 

35,445 

34.405 

33,661 

33,116 

32,711 

32,404 

32,168 

311984 

31,839 

42,427 

39,105 

36,916 

35,428 

34,387 

33.643 

33,099 

32,694 

32,388 

32.152 

3l 1 969 

31.825 

3 . 40 

42 1 4 1 2 

99,091 

36,902. 

35.414 

34.375 

33,631 

33,038 

32.684 

32.378 32,143 

3-Ll96.1_ 

3-1-1017 

3,60 
3,80 
' 4.00 

42 « 4f 3 

39,092 

36,903 

35,415 

34,376 

33,632 

33,039 

32,685 

32,379 

32,144 

311962 

31,818 

42.414 

39,093 

36,904 

35,416 

34.377 

33,033 

33,090 

32,686 

32,380 

32,145 

31T963 

31,819 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 

_SAMPUE-CAS£— e_ORB ITER J340A# -HIGH P£NMN._. 


PRESSURE- AND VOLUME VALU5S-F0R FLUIO- VAPORiJUN. ULLAGE, .TaNK_B0TT.CMi.L 1NE MEA[UULLAGE_yflLUMEtTANK-HE4Q_llEI5Ht_Af«L_ULL:AG£_W£!GHT 


TRANS, UulVAP ULLVAPi mjnull mjnull tnkbot TNKBOT LINhEO LIMHED 

-4-1 MS OXIU., EUEI OX ID., FUEL 0*10* FUEL OX ID, FUEL- 

SEC PSJA PSIA PS J A PSJ A PSIA PSIA PSlA PSlA 


ULLVOL 

- 0 X 10 ,- 

CU.FT, 


ULLVOL TNKHEO TNKHSD ULLWGT ULLWCT 

— FUEI OX ID,. FUEL PXiD, FUEI 

CU.FT, FT, ?T, LBS LBS 


05 

00 



20 

.20 

-20 

.40 

20 

.60 

20 

.80 

- 2o 



1,00 

20 

1,20 

20 

1.40 

-20 

1,60 

20 

1.80 

20 

2.00 

-20 

2.20 

20 

2,40 

20 

2,60 

20 

2.30 

20 

3,00 

20 

3,20 

J20 

3,40 

20 

3.60 



20 

3.80 

—20 


20,05 

.20,05- 

20,05 

20,05 

-24,20- 

20,05 

20,05 

-20,05- 

20,05 

27.81 

-72,78. 

78,07 

85,83 

.96,04- 


30, *2 45,55 

-30,55 -A 3,55- 

30,72 43,53 


33,46 

-33,49. 


48,99 

- 48 , 99 - 


• .2’Q 


30. ’6 
-41,46- 
32,89 
33.65 
-30,88- 
31,52 
32,23 
-45,-44- 


43,55 

- 49 , 70 - 


33,66 

33,90 

- 44 , 29 - 


45.55 

45,54 


35,83 

36,59 

-34,64- 


33,49 103,53 


40, 10 111,29 

-44,42 121*50- 


93,00 

.51,-91- 

47,03 

47,05 


44,00 134.16 
42,43 120,42 
..42,43 77,32- 


42, **1 
42,41 
-42 til- 


72 , 43 
72.43 
-22t43- 


607,8 

_607,8_ 


1784,5 

-1284,7- 


51,78 96,19 

.51,78 96,19_ 


209,6 

_?09*6_ 


230.1 

.230,4- 


45,54 34,45 
53.30 35, 17 
-98,26 38,36. 


36,42 

43,03 

- 46 * 43 - 

46,93 

43,36 

. 45 , 36 . 

45,34 

45,34 

- 4 5, 34 . 


.99 

■ »2’Q 

607,9 

1785,1 

51,78 

96,18 

209,7 

232.0 

i,99 

• «2’Q 

608,0 

1785,8 

51,78 

96,18 

209,7 

234,1 

i .99 

b,2?0- 

608,4 

_1787,1_ 

51.78 96 . 18 

253 *t— 

237,8 

i,99 

».2’0 

609.0 

1789,6 

51,78 

96,18 

210,1 

231.8 

.99 

• .290 

609,7 

1794,0 

51,78 

96,17 

210.3 

259.2 

,99_ 

a.»2.90 610,3 

1799,1 

5l,7.Z_ 

96,16 

2ln.B 

233.4 

,99 

*.290 

610,9 

1804,3 

51,77 

96,15 

210,7 

241,6 

.99 

*,290 

612,0 

1809,9 

51,77 

96,14 

296,7 

246,8 

,99 

1*290- 

613.8 18 1.7. .2— 

51 ,.76_ 

_ 96,13 

851*3 

27,8.6 

,99 

*.290 

616,8 

1826,6 

51,75 

96,11 

’29,2 

280.6 

,99 

*.290 

620,9 

1838,9 

51,73 

96,09 

1047,8 

324.6 

.99 

- 8.290 

626,1 

1855,1- 

B-v 

96,06 

1214,3. _ 

-J58.0 

,99 

*.290 

632,4 

1874,3 

51,68 

96,03 

1440,2 

367,1 

,99 

*.290 

639 ,7 

1894,6 

51,65 

95,99 ~~ 

1223,7 

336,4 

*9.9 

*1290 

647*3 1915*0 

5.1,61. 

??,?{; 

612,7 

360.1 

,99 

»,290 

655,0 

1935,3 

51,58 

95,93 

556,4 

363,8 

,99 

81296 

662,8 

1955,6 

51,55 

93,89 

563.1 

367.7 

*19- 

*.290 

61-0*5 

1976 tD 

51.5 .2 9 9- L 86 . 

569.9 

. 3.71,5 . 


4.00 
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LOCKHEED MISSILES 8c SPACE COMPANY 


Table 2-4 

■SOPSA OUTPUT DATA LISTING (CONT'D) 

Sample CASE.. ORB I TER . 040Ai .-HIGH PENMN e OXYGEN, SUPPLY-SYSTEM 

MINIMUM REQUIRED ULLAGE PRESSURE FOR 3 ENGINE OPERATION PER MAIN FEED LINE 


DELTA 12,0 Inch 
tine MAjN LINE 

£3,0 INCH 
MAIN LINE 

14,0 INCH 15,0 INCH 
MAIN LINE MAJN LINE 

16,0 INCH 
MAIN LINE 

17,0 INCH' 
MAIN LINE 

IB',0 INCH 
MAIN LINE 

19,0 INCH 

main line 

20,0 INCH 
MAIN LINE 

21,0 INCH 

main line 

22,0 INCH 
main line 

23,0 INCH 

main line 

,00 

20.052 

- ,20 : - 

20.052 

20,052 

20,032 

20,052 

20.052 

20,052 

20 1 052 

20,052 

20 , 052 

20.032 

20:032 

20.052 

20,052 

20,052 

20,052 

20.052 

20,052 

20,092 

20,052 

20,032 

20.032 

20:032 

20,032 

• AO 

90.0*? 

20,052 

20,052 

20 ,052 

20 .n*2 

2r\ .052 

20,092 

20.032 

20,032_ 

20.052 

. 2Q l03? 

2D..C52- 

, 60 

20.052 

. NO 

20,052 

20,052 

20,052 

20.052 

20,052 

20,092 

20,0-52 

20.052 

20,052 

20)052 

20.032 

24.203 

20,052 

20,052 

20,052 

20,052 

20.032 

20,092 

20.032 

20,052 

20,052 

201052 

20,032 

1 1 00 

90.0*2 

20,052: 

20.052 20.032 

20.0*2 

20,032. 

20,092_ 

20.032 

2D. 052- 

20,032. 

20:032. 

20,092. 

1,20 

20,052 

1,40 

20,052 

20,052 

20,052 

20.052 

20.032 

20,092 

20,052 

20,032 

20,032 

20 : 052 

20,052 

20,052 

20,052 

20,032 

20,032 

20.052 

20,052 

20,092 

20,032 

20,052 

20.032 

20: 052 

20,032 

1,60 

20.052 

20,052 

20.052 

20.052 

20.052 

20.052 

20,092 

20,052 

20.052- 

20,032 

20:052 

20.032 

1,30 

27.615 

2,00 

22,047 

20,052 

20,052 

20.032 

20,052 

20,092 

20,052 

20,052 

20.032 

20 : 052 

20.052 

72,780 

60,229 

50,421 

<2,600 

36,256 

31,037 

26,668 

23,024 

20.052 

20.052 

20 : 052 

20,052 

2,20 

76.072 

63,920 

53,079 

44.370 

37.755 

32,203 

27,616 

23,779 

20,551. 

20.052. 

20 : 032 

20.052 

2,40 ‘ 

65,625 

2,60 

96,041 

69,328 

56,974 

47,456 

39,950 

33.913 

28,977 

24,883 

21,481 

20,052 

20:032 

20,052 

76,452 

62,105 

51,239 

42,842 

36,165 

30,769 

26,339 

22,707 

20.032 

20: 052 

20.052 

2,60 

109.718 

85,294 

66,473 

55.978 

46,430 

38.959 

32,993 

28.145 

24,227 

20,873 

20 : 052 

20.052 

3,00 

54.996 

3 , £0 

71,327 

55,232 

<3,505 

34,802 

28,171 

23,033 

20,032 

20.052 

20,032 

20:052 

20.052 

51.VQ9 

33,609 

.21,690 

20,052 

20,052 

20,052 

20,092 

20,052 

20,052 

20,032 

20.052 

20,032 

3,40 

47,029 

29j,336 

20.052 

20.032 

20.052 

20,052 

20.092 

20.032 

20.032 

20,052 

20 : 032 

20,052 

1 3,60 

<7,045 

"5,00 . 

47,061 

4,00 

29,352 

20,052 

20.032 

20.052 

20,032 

20,092 

20,052 

20.052 

20,032 

20 : 052 

20.032 

29,368 

20,052 

20,052 

20,052 

20,032 

20,032 

20,032 

20.052 

20,032 

2Q: 052 

20,052 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 

- SAMPLE. CASE t.ORBITER .040A, -HIGH PENMN *. HYDB09EN- SUPPLY-SYSTEM 


MINIMUM REQUIRED ULLAGE PRESSURE FOR 3 ENGINE OPERATION PER MAIN FEED LINE 


DELTA 

time 

12,0 INCH 
MAIN LINE 

13,0 INSH 
MAIN LINE 

14,0 INCH 
MAIN LINE 

1*,0 INCH 
MAIN LINE 

16,0 INCH 17,0 INCH 18,0 INCH 
MAIN LINE MAIN LINE MAIN LINE 

19,0 INCH 

main line 

20,0 INCH 
main line 

21,0 INCH 22,0 TNCH 
MAIN LINE MAIN LINE 

23,0 INCH i 
main line ! 

.00 

-.20 

.40 

. 30.322 

30,501 

30,484 

30,470 

30,459 30,450 30,442 

30,436 

30,430 

30,429 3o;421 

30,417 

30.551 
30 . 7?3 

30,526 
3Q, 676 

30,506 

30 , 638 

30,490 

30,608 

30.477 30,466 30,437 

30,584 5o,563 30,546 

30,449 

50,532 

30.443 
30,521 

30,437 301432 

3n,509 3 nl 5 no 

30.428 
3Q.i?2_ 

.60 
i .,80 

30.959 

30,880 

30,816 

30,768 

30.728 30,695 30,667 

30,643 

30,623 

30.606 30.592 

30,579 j 

1.00 

31.357 

31,223 

31,118 

31,035 

30,968 30.912 30,866 

30,827 

30,794 

30,766 3q 1 742 

30.721 j 

17 . 

32,544 

37,275 

3?,06? 

31,860 3i,75n 31,633 

31,536 

31,453 

31,382 3i 1 321 31.268 

1.20 
1 .40 

33,655 

33,155 

32,780 

32,489 

32,260 32,075 31,924 

31,798 

31,693 

31,603 3x1527 

31,461 

30.679 

30,524 

30.430 

30.373 

30.337 30.315 30,302 

30,294 

30,290 

30,288 301288 

30,289 

1 1 60 

_3l.5l9 

31*.257 

31,077 

30,950- 

30.858 30.786 30,736 

30.694 

30,662. 

30.636 301614 

30.396 

1.60 

2.00 

32.233 

31,856 

31,594 

31,403 

31,260 3i,l5l 31,065 

30,997 

30,942 

30.89? 301859 

30.828 

33.425 

3^,556 

33,922 

33,447 

33,080 32.792 32,5&0 

32,371 

32,215 

32.094 3i 1 973 

31,878 

2.20 

3=5, ApA 

3.4 ,.44 9 

33,723 

33,1«7 

32,605 32,506 32,272 

32,086 

31,936. 

31.814 311711 

31.626 

2,40 

2,60 

40.097 

38,206 

36,872 

35,897 

35,163 34,599 34,135 

33,600 

33,511 

33,273 331074 

32,906 

43.416 

40,623 

38,694 

37,312 

36,294 35,525 34,932 

34,465 

34,091 

33,787 331537 

33,329 

2 • 60 

43,996 

40,669 

38,428 

36,867 

35,748 34,926 34,309 

33.836 

_—33.,46Z_ 

33.175 321941 

32tl5Q_ 

3.00 

3,20 

42,434 

3’, 118 

36,932 

35,445 

34,405 33.661 33,116 

32,711 

32,404 

32,168 3l 1 984 

31,839 

42.427 

39,103 

36,916 

35,428 

34,387 33,643 33,0*9 

32,694 

32,388 

32,152 311969 

31,825; 

3 ,40 

42.412. 

39,091 

36,902 

35,414,. 

3jl 375 33.6 3 1 3 3 , 0 8 8 

32.684 

32,378 

-32,143 3ll 961. 

31.817 

3,60 
3, B0 
4,00 

42,413 

39,092 

36,903 

35,415 

34,376 33,632 33,089 

32,665 

32,379 

32,144 311962 

31,818 

42,4i4 

39,093 

36,904 

35,416 

34.377 33,633 33,090 

32,686 

32,380 

32,145 3il'9"63 

31,819 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 




sample 

CASE * ORBITER 040A. 

HIGH PENMN w oxygen supply system 







TANK BOTTOM PRESSURE 

values for 

3 engine operation per main 

FEED LINE 




DELTA 

TIME 

12,0 INCH 
MAIN LINE 

13,0 I NON 
MAJN LINE 

14,0 INCH 
MAIN LINE 

13,0 INCH 16,0 inch 
MAIN line main line 

17,0 INCH 
MAIN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 

main line 

20,0 INCH 
MAIN LINE 

21,0 inch 
MAIN LINE 

22,0 INCH 

main Line 

23,0 INCH 

main line 

.00 

.20 

43,549 

45,549 

45,549 

45,549 

45.549 

45,549 

45,549 

45,549 

43,549 

45,549 

45 1 549 

45,349 

•5.549 

45,549 

45,549 

45,549 

45,549 

45,349 

45,549 

43,549 

45,549 

45,549 

45)549 

45,549 

i 40 

45.54a 

45,548 

45.548 

45,548 

45.548 

49.548 

4 5.4 5.4 e_ 

45.548 

43,548 

45 . S48_ 

43)548 

45.34,8. 

.60 

,80 

l.OO 

45,548 

45,548 

45,548 

45,348 

45,548 

45,548 

45,548 

45,548 

45,548 

45.548 

45)348 

45.548 

49,700 

45,547 

45,547 

45,547 

45,547 

45,547 

45,547 

45,547 

45,547 

45,547 

45)547 

45,547 

45.546 

45,546 

45,546 

49,546 

45*546 

45,546 

45,546 

45.546 

45,546 

45.346 

.A3) 54 6 

45.546 

1.20 

1.40 

45.545 

43,545 

45,545 

45.545 

45,545 

45.545 

45,543 

45,543 

45,545 

45,345 

45)545 

45,545 

45,543 

45,543 

45,543 

45,543 

45,543 

45.543 

43,543 

45,543 

45,543 

45,543 

43 i 543 

45,543 

1 . 60 

43,542 

45,542 

45,542 

45 , 542_ 

45,542 

.45,542. 

45,542 

45,542 

45,542 

45.542 

45)542 

45.542 

i.eo 

2,00 

53,302 

47,535 

45,540 

45,540 

43,540 

45,540 

45,540 

45,540 

45,540 

45,540 

43)540 

45,340 

2.20 

98,264 

85,713 

75,905 

68.083 

61,740 

56,520 

32|l 7 i 

48,506 

45,536 

45,536 

45.536 

45,536 

103*549 

89,397 

78,556 

70.047 

63.232 

.37,681 

33,094 

49.256 

46,028 

45,529 

45)529 

45.529 

2,40 

2,60 

' 111*294 

94,796 

82,442 

72.925 

65,418 

59.361 

34,445 

30,352 

46,950 

45,521 

45.521 

45,521 

121.498 

101,910 

87,563 

76,716 

68,299 

61,622 

36,226 

51,796 

48,164 

45,510 

45)510 

45,510 

2,80 

134,162 

110,738 

93,917 

81.422 

71,8 7 4_ 

64,403 

38,437 

53,589 

49,671 

46,317 

45)496 

45,496 

3,00 

3,20 

120.423 

96,956 

80,661 

68,934 

60,231 

53,600 

48,432 

43,481 

45,481 

45,481 

4s;4bi 

45,481 

3,40 

77,321 

59,021 

47,103 

45,465 

45,465 

45,465 

45,465 

45,465 

45,465 

45,465 

45)465 

45,465 

72.426 

54,732 

45.449 

45.449 

45.449 

45,449 

45,449 

45,449 

45,449 

45,449 

43)449 

45.449 

3,60 

3,80 

72.426 

54,732 

45,432 

<5,432 

45,432 

45,432 

45,432 

45,432 

45,432 

45,432 

45)432 

45,432 

72,426 

54,732 

45,416 

45,416 

45,416 

45,416 

45,416 

45,416 

45,416 

45,416 

45:416 

45,416 


4 , CO 
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LOCKHEED MISSILES 8c SPACE COMPANY 


Table 2-b 

SOPSA OUTPUT DATA LISTING (CONT'D) 


SAMPLE- CASE ..-. ORB Iter 040A*-H1GW PENHN e HYDROGEN. SUPPLY, system. 




TANK BOTTOM PRESSURE 

values for 3 engine operation 

PER MAIN 

FEED LINE 





DELTA 

TIME 

12,0 INCH 
MAIN LINE 

13,0 INCH 
MAIN LINE 

14,0 INCH 
MAIN LINE 

15,0 INCH 
MAIN LINE 

16,0 INCH 
MAIN LINE 

17,0 INCH 18, Q INCH 
MAIN LINE MAIN LINE 

19,0 INCH 
MAIN LINE 

20,0 INCH 

main line 

21,0 INCH 
MAIN LINE 

22,0 INCH 

main Line 

23,0 INCH 

main line 

.00. 
- .20. 

33,458 

33,437 

33,420 

33,407 

33,395 

33.386 

33,378 

33,372 

33,366 

33,362 

33:337 

33,334 

; .AO 

33,487 

33,462 

33,442 

33.426 

33.413 

33.403 

33,393 

33,386 

33,379 

33,374 

33^ 369 

33,364 

33.659-- 

33,612 

_33»575_ 

33,544 

33,3?0 

33,50.0 

_23,4S3 

33,468 

33,456 

11.446 

331436- 

33 . 4?9 

• 60 

. ,83 

33.895 

33,816 

33,754 

33.705 

33.664 

33,631 

33,603 

33,580 

33,560 

33,343 

33:52ft 

33.515 

1.00 

34.293 

34,159 

34,054 

33.971 

33.904 

33.848 

33,802 

33,764 

33,731 

33,702 

33:67ft 

33,637; 

_is.._a9.a _35^Aan 

35.211 34.99a_ 

34,826- 

34.686 

_ 34 |50SL_ 

34,472- 

34.309L 

14. 118 341917 14.904 

1.20 

1-H0- 

1.60 

36.591 

36,C9i 

35,715 

35,425 

35,195 

35.011 

34,859 

34,734 

34,629 

34,539 

34:463 

34,397 

33.6i5 

33,460 

33,366 

33,308 

33.272 

33.250 

33,237 

33,229 

33,226 

33,224 

331224 

33.225 

_l4,.4a4 3,4.192. 

34,012_ 

33*885- 

—33.793 

31.724 

_23,07i_ 

13,630 

33,597 

33 ,§7i_ 

331549 

33.512L 

1,80 

2.00 

2.20 

35.168 

34,793 

34,529 

34.338 

34.195 

34.086 

34,000 

33,932 

33,877 

33,832 

33:794 

33 , 763 i 

38.360 
.. .30.420 

37.49Q 
37,38} _ 

36,857 
_36,65Z_ 

36,381 
36.l3l_ 

36,015 
35,73? 

35,726 
3a, 440 

35,495 

25,206 

35,306 

35,02a 

35,149 
34,871- 

35.018 
34, 7 Aft 

34:908 

341.64$ 

34,813 

34.560 

2,40 

2,60 

' 43.030 

41,141 

39,606 

38,830 

38,097 

37,532 

37, 0^8 

36,733 

36,444 

36,206 

36 : 007 

35,839 

46.349 

43,557 

41,626 

40.244 

39.227 

38,458 

37,864 

37,397 

37,024 

36,720 

36:470 

36,262 

4 t ft 0 

46,929. 

43,601 

41,359 

39.798 

.30.680 

37.858 

37,240 

36.767 

36,399 

36.107 

33.872 

35.681 

3,00 

3,20 

45,363 

42,049 

39,863 

38,376 

37.336 

36,591 

36,047 

35,641 

35,334 

35,096 

34 : ?i5 

34,770; 

45,357 

42,033 

39,846 

38.357 

37,317 

36,572 

36,028 

35,623 

35,317 

35,082 

34: 899 

34,754 

3*40 

43,341 

-Ai.tBia. 

-39,83l_ 

38,343.. 

. 37.303 

36i559_ 

_36,.016 

35*612 

35,306 

35.072 

341889 

34.745 

3,60 

3,80 

45,341 

42,019 

39,831 

38,343 

37.303 

36,559 

36,016 

35,612 

35,306 

35,072 

341889 

34,745 

45,341 

42,019 

39,831 

38,343 

37,303 

36,559 

36,016 

35,612 

35,306 

35,072 

341889 

34,7«5 


A * 00 
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LOCKHEED MISSILES 8c SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA LISTING (CONT'D) 


_ -SA.MPLE...CASE QRBI JER-Q40A. ..HlGH.PENMN *_ OXYGEN. SyPPL.Y.. SYSTEM. 




REOOMPJTEO 

ENGINE PRESSURES FQR 3 ENGINE OPERATION PER MA JN 

FEED LINE 




DELTA 

TIME 

12,0 Inch 
main line 

13,0 INCH 

main; line 

14,0 INCH l5,0 INCH 
MAIN LINE MAIN LINE 

16.Q INCH 
MAIN LINE 

17.0 INCH 
MAIN LINE 

18,0 INCH 
MAIN LINE 

19,0 INCH 

main line 

20,0 INCH 
MAIN LINE 

21,0 INCH 
MAIN LINE 

22,0 FncH 
main Line 

23,0 INCH 

main line 

.DO 
. .20 

94,339 

94,539 

94,539 

94,539 

94,539 

94,539 

94,539 

94,539 

94,539 

94,539 

94:539 

94,539 

91.805 

92,193 

92,504 

92.754 

92,958 

93.127 

93,299 

93,389 

93,491 

93,580 

931656 

93,723 

t.40 

91 , Bn2 

92,192. 

92,502- 

92.752 

92.957 

93.126 

93,268 

93,389 

93.491 

93,579 

931656 

93.722 

. 60 
.80 

89,059 

69,842 

90,463 

90.964 

91.373 

91,713 

’1,997 

92,237 

92,443 

92,619 

921772 

92,906 

63.000 

63,962 

66,013 

71,277 

73,946 

76.156 

78,007 

79,572 

80,908 

82,057 

83 1 053 

83.922 

1 . 00 

05.734 

954619 

95.510 95.411 

95,323 

95,246 

95,179 

95.120 

95,061. 

95,022. 

H19.B2. 


1.20 

1,40 

95,226 

95,184 

95,132 

95.081 

93.032 

94,987 

’4,947 

94,911 

94,878 

94,850 

941825 

94,802 

1.60 

94.174 

94,283 

94,353 

94,400 

94,432 

94.454 

’4,471 

94,482 

94,491 

94,497 

94,503 

94,507 

83,143 

84.840 

86,166 

97 .224- 

98,081. 

88,767 

89.374 -8? ,870 

.90,290. 

90,631 

9 0l964 

91,235. 

1.80 

2.00 

63,000 

63,000 

65,535 

69.162 

72.112 

74,546 

76,578 

78,292 

79,750 

81,004 

821089 

63,035 

2.20 

63,000 

63.000 

63,000 

63.000 

83,000 

63,000 

63,000 

63,000 

63,137 

65,811 

681122 

70.134 

63,0n0 

63,000 

63.000 

63.000 

63.000 

63.000 

83.000 . 

63.00Q- 

63,000- 

65,276 

671664 

69,736 

2.40 

2,60 

63.000 

63,000 

63,000 

63,000 

83,000 

63.000 

63,000 

63,000 

63,000 

64,492 

661993 

69,152 

63.000 

63,000 

63,000 

63.000 

63,000 

63,000 

63,000 

63,000 

63,000 

63,460 

66 : lio 

60,384 

2.60 

63,000 63.000 

6JiOOQ_ 

63.000 

63.00Q 

63.000 

63,000 

63,000 

63,000. 

63,000 

65,;.0. 1 3. 

67.431 

■ 3 , 00 
3,20 

63.000 

63,000 

63,000 

63,000 

63,000 

63,000 

63,000 

64,157 

67,372 

70,117 

721399 

74,319 

63,000 

63,000 

63,000 

69,392 

74.963 

78,930 

81,820 

83,968 

85,476 

86,749 

871744 

88,532 

3,40 

63,000 

63.000 

65.128 72^733 

77.947 

Bi 1 . 6 II. 

84,243 

86,1 7J3— 

.87,486 

68.594 

891444 

’0x1 03 

3,60 

3.80 

63.000 

63,000 

65,112 

72.717 

77,931 

81,395 

84,227 

86,154 

87,470 

88,577 

89 1 428 

90,089 

4.00 

63,000 

63,000 

65,096 

72.701 

77.9l5 

81,579 

84,211 

86,138 

87,454 

88,561 

891412 

90.073 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-k 

SOPSA OUTFUT DATA LISTING (CONT'D) 


— sa*iple-.-Case_*~or&Iter oaoa.-higw penmn * hydrogen supply-system 




RECOMPUTED 

' ENGINE PRESSURES for 

3 ENGINE OPERATION PER MAIN FEED LINE 




0ELTA 

TIME 

12,0 INCH 
MAIN LINS 

13,0 INCH 
MAIN LINE 

14,0 INCH 
MAIN LINE 

13,0 INCH 16,0 INCH 

main line main line 

17,0 INCH 
MAIN LINE 

1«, D INCH 
MMN LINE 

19,0 INCH 
MAIN line 

20,0 INCH 
main line 

21,0 INCH 
MAIN line 

22,0 INCH 23,0 INCH 
main L’ine Main line 

,00 

,20 

,40 

33.000 

33,000 

33,000 

33.000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33:000 33,000 

33,000 

33,000 

33,000 

-33,000- 

33,000 
33,000- 

33,000 

33,000 

33,000 
_33 , OOO. 

33,000 
11,000 

33,000 

J3,000- 

33,000 

33,000- 

33,000 

33,000 

33,000 

33,000 

>3 i 000 33,000 

33:0QQ_ 33,00a 

,60 

,80 

33,000 

33,000 

33,000 

33,000 

33,000 

33.000 

33,000 

33,000 

33,000 

33.000 

331000 33,000 

33.000 

33,000 

33,000 

33,000 

33.000 

33,000 

33,000 

33,000 

33,000 

33.000 

331000 33,000 

1,00 

33.000 

33, Dim 

33,0^0 

33,000 

-33,000 . 

33,000- 

33, nun 

33,000- 

33,000 

Vi,nnn 

33loafl 33.0 oa. 

1,20 
.1, A ft- 

33.000 

33,000 

33,000 

33,000 

33,000 

33,000 

33, QUO 

33,000 

33,000 

33.000 

331000 33,000 

1,60 

33.000 

33,000 

33,000 

33,000 

33.000 

33,000 

33,000 

33,000 

33,000 

33,000 

33)000 33,000 

i3. qoo 

33,000 

33,non 

... J3.0O0 

JX.OOQ- 

33,000 

33,000- 

33,00a 

33.DQO- 

33,000 

331000 33.000 

1,00 

2,00- 

33.000 

33,000 

33,000 

33 , QQQ 

33.000 

33,000 

33 , OOQ 

33,000 

33,000 

33,000 

>3:00Q 33,000 


>3,000 33,000 33,000 33,000 33,000 33,000 33,030 33,000 33,000 33,000 331000 33,000 


2,20 , 

33.000 33,000 33,000 33,000 33.000 33,000 J3,0U0 33,000- 33,000 33,000 3.3.000 3.3,000. 


C 1 

2 1 60 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33:000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33:000 

33,000 

7,80 

33 , 000 

23,000 

33,000 

33,000 

.23,000.. 

33,000. 

33,000 

153,000 

23.000. 

33,000 

33:ooO 

33,000 

3, CO 
3,20 

33,000 

33,000 

33,000 

33.000 

33.000 

33.000 

33,000 

33,000 

33,000 

33,000 33:000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33.000 

33,000 

33,000 

33,000 

33,000 

33.000 

33, COO 

3,40 

33jQ0Q 

33,000 

33.000- 

33.000 

J33.00O_ 

-33lQ0Q 

3-3,000 

33j 000 

33..00Q 

33.000 

33:000 

-33,000. 

3,60 
3,80 . 

33,000 

33,000 

33,000 

33,000 

33.000 

33,000 

33,000 

33,000 

33,000 

33,000 

33!000 

33,000 

33,000 

23,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33,000 

33:000 

33,000 


4,00 
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LOCKHEED MISSILES & SPACE COMPANY 


Table 2-4 

SOPSA OUTPUT DATA IT STING (CONT’D) 


SAMPLE- CASE..*! ORS I TER . 040 A i._H1GH. PENMN - FEEC_§VSTEM .WEIGHTS 



MAIN 

FEEDL INE'i 

ENGINE FEEDLINE WEIGHTS 

total 
_ engine 

__ . MAIN. 

ENGINE 

FEEDLINE _ 

MAIN 

JF.EEDLINE. . 

TOTAL 

PROPELLANT 

DIAMETER 
< INCHES) 

u NE 
NO 1 

LINE 
NO 2 

LINE 

N03 

line 

NO 4 

FEEDLINE 

weight 

FEEDLINE 

weight 

INSULATION 

weight 

INSULATION FEED SYSTEM 
WEIGHT WEIGHT 

OXYGEN 

12 1 000 

282,78 

289,73 

294,18 

,00000 

866,71 

1341,9 

15,585 

72,077 

2296,2 

OXYGEN 

13,000 

282,46 

288,95 

293,00 

,00000 

&64 1 49 

1566,4 

15,585 

70,322 

2524,8 

oxygen 

14 1 000 

282,46 

208,95 

293,08 

,00000 

864,49 

182 J, 6 

15,585 

84,631 

2793.3 

oxygen 

15 , 000 

282,46 

288,95 

293,08 

,00000 

864,49 

2120,0 

15.585 

91,002 

3091,0 

nvYr.EN 

16,000 

282.46 

288,95 

293,08. 

,00000 

864,49 

2445,4 

15.585 

97,436 

3423.0 

oxygen 

17,000 

282,46 

288,95 

293,08 

,00000 

864,49 

2813,1 

15.585 

103,93 

3797,1 

oxygen 

18,000 

282,46 

288,95 

293,08 

,00000 

864,49 

321 6 , 6 

15.585 

110,49 

4207,2 

OXYGEN 

19,000 

282.46 

288,95 

.293,08. 

,00000 

864,49 

3657,7 

_ 15 ,585 

117,12 __ 

4654,9 

oxygen 

20,000 

282.46 

288,95 

293,08 

,00000 

864,49 

4137,9 

15.585 

123,00 

5141,8 

oxygen 

21i000 

282,46 

288,95 

293,08 

,00000 

864,49 

4659,0 

15.585 

130,55 

5669,7 

oxygen 

22,000 

202,46 

288,95 

293, oa_ 

,00000 

664,49 

5222.7 

..15,585 

137,36 _ 

6240.2 

oxygen 

23,000 

282,46 

288,95 

293,08 

,00000 

664,49 

5033,7 

15,585 

144,24 

6855,0 

hydrogen 

12,000 

291,08 

252,21 

331,46 

,00000 

674,75 

711.31 

,00000 

,00000 

1586,1 

hydrogen 

13,000 

291,08 

252,21 

331,46 

,00000 

874,75 

871,90 

,00000 

,00000 

1746,7 

HYDROGEN. 

14,000 

291,08 

252,21 

331,46 

,00000 

.874,75 

1057.0 

,00000 

,00000 

l’3l ,8 

HYDROGEN 

15,000 

291,08 

252,21 

331,46 

, 00000 

874,75 

126 ‘,5 

,00000 

,00000 

2143,2 

hydrogen 

16,000 

291,08 

252,21 

331,46 

,00000 

874,75 

1500,1 

,00000 

,00000 

238?,9 

HYDROGEN 

17,000 

291,08 ... 

252,21 

331,46. 

,00000 

874,75 

1777,9 

, 00000 

,00000 

2*52,6 

HYDROGEN 

18,000 

291,08 

252,21 

331,46 

,00000 

874,75 

2077,0 

,00000 

,00000 

2954,6 

hydrogen 

19,000 

291,08 

252,21 

331,46 

,00000 

874,75 

2416,3 

,00000 

,00000 

3291,1 

.HYDROGEN 

20,000 

291,08 

252,21 

331,46 

iOOOQO. 

874,75 

2793,0 

.00000 

, 0000 c 

3664,8 

HYDROGEN 

21,000 

291,08 

252,21 

331,46 

,00000 

874,75 

3204,3 

,00000 

,00000 

4079,0 

hydrogen 

22,000 

291,06 

252,21 

331,46 

,00000 

874,75 

3663,7 

,00000 

,00000 

4538,4 

hydrogen 

.23,000 

291,00 

. 252,21 . 

__.311.A6__ 

_4.0Q.05JL 

67.4t.75 

4473,3 

,00000 

,00000 

5050,0 


END OF CASE 2 
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APPENDIX A 
INPUT DATA FORMATS 


A-l 


LOCKHEED MISSILES & SPACE COMPANY 




LOCKHEED AIRCRAFT CORPORATION 


CASE TITLE CARD 


HEADER CARD NO. 1 



Rvptrt N «. 


Analysis title card contains heading which is printed on output. 

This card must be included as the first card of each case. 
Format (7A6) _ 


■ ST( I ) , 1=1,7- 


i t i 4 i i i i its|iit]UMiitinNttalziaa»&anaaaU»s»iB0aa^4i Joaaao aaain a o a a a o a a alit e o w a a it « a aln nniiBuni 


i i > « i i i i » «(ti hum n it ij ii n»!nn»*»»n»a »(«»»»•■*!!■» ■/« «»•••«•■ »li> ■ *n«»»n no«»«»n ■« »|ji nnunnmtnm 


i i « i i i t i i«|ii u u mm ii it nalit BBMaasaaalii »»»■»»»» «j«i uaoaanaualii tomtiiiitli a a mm bith bb|?i nn u n n n n n ■ 


t i i i i i i inlituuMiiuuttttaliiBBMaafiaaaliiaaaaaBaaaloaaaaaaaaaltiaaNaaiiaaaltBBMaBiiBa a|n n n >• n a it a a ■ 


lonu mio im 


A-2 - 



















LOCKHEED AIRCRAFT CORPORATION 


INPUT DATA FLAG CARD 



HEADER CARD NO. 2 


R«ImH W». 


This card contains 16 integer flags corresponding to the 16 input data 
groups which follow. If IP(lG) = 1, Data Group TG is to he read in; if 
IP(l6) = 0 or blank. Data Group IG is not present. 

FORMAT (l6ll) . 



NOTE: THIS CARD .MUST BE INCLUDED AS 

THE SECOND CARD IN EACH CASE 

tt»aIna2>ii»»n88ai’i&a»»SDsa4<i44«««<!«« Ji» bomiidm llnBBMHfll ■ )»in n n )• » * n n n ■ 


l i « i i i i i tiltiu u m it ii i) it it a|n a d x a a r a a a!n a a » a a c a a «ti e a « « • o « ■ bi'ii a u w ■ ■ n a ■ ■ «i o o »» a a n a a ttjn 


i i t i • t • • alii u u w it a it it it a!n a a » a a n a a a{n a a a a a a a a «I«i a o a a a n a a alii n n a u a n a a ati a a a u a u a a tt|n u n >* n a it ti i* a 


> i i • i t i taliiuiiMiiaitaaalnaoaaaraaa/naaaaaaBaala Baa a « a a a mu a a an a a a aalu aoaa ■ <ia a *|n nrtnnitnititm 


















991396 


Pr.pcK.d 


ChtM 


Appror.W 



LOCKHEED AIRCRAFT CORPORATION 


T,Tt “ FEED SYSTEM PARAMETERS 


INPUT GROUP 1 



3 • port No. 


NML 

NEL 

SYSNUM 

- Number of main feedline sizes to be considered (up to 12) 

- Number of engine feedline attached to each main line (up to 4) 

- If 1, program computes for OXID, feedlines only. 

NSIZE 

- If 2 , program computes for fuel feedlines only. 

- If 3, program computes for both feedlines. 

- Total number of feedlines per tank - NEL + NML 

i 

NOP • 

- Number of engines FED by a main fe'edline 


N0P1 

- Number of engines on vehicle 

1 

NPTS 

- Number of time points being considered in analysis 

( up to 20 ) 

NGST 

- Ground start flag (NGST = 2 for ground start) 

1 

Format ((121b)). (All inputs right adjusted) 



' 

nopi ; 

NPTS 

ainaan 

>1 SOMII 



«• a 41 «aa|u 9 11 ua snaBalii a a mum tin n «|it nnnnnunnao 


T0TLM0 - Total length of oxygen main feedine, ft. 
T^TIMH - Total length of hydrogen main feedline , ft. 
F0RMAT ( ( 6E12.8)) 


' T0TML f> 

> 



ii u ti it ii n it a|n a a a 

aana aa|n a a aa a a a aajn aauaa « a aaju b Baa a nasal 



i i 4 i • i i t a|ii u u u a a i> a n a|>t a a a a a a a b alii a a a a a a a a 44)41 4) e 4i • a a a a Jn a b a a a n a a aL B b 44 a a o a a n|» nnananam 


'o«h Mao aaiA 





















LMSC-A991396 


P 


CbeU 




DATS 

LOCKHEED AIRCRAFT CORPORATION 

*««• 

IB 


PROPELLANT TANK CONFIGURATION 


INPUT GROUP 2 


EQLR.1 - Lengths and Radii of tank sections (see Fig. 9) 
Format ((6E12.8)) ' 




^EQLRl (1) 

EQLR'l (2) 

EQLKl (3) 

>*)•••?•• m|ii tl 

i Ha u n * iis|n ana 

sina ajn aa aaa 



3QLR1 (8) 

EQLRl ( 9 ) 

main u nalnaaa 

uniaalraBMi 



t ) « « i i « • «|n utiMtmutin «In Dominii an nmmi «|«i m • • « « • • « a|u amaissi oki t»|;i nnnnnnnt 


FORM MIO I9U 

























Prepared 


Checks 


Apprp y d 



LOCKHEED AIRCRAFT CORPORATION 


1 OXIDIZER FEEDLINE CONFIGURATION 


INPUT GROUP 3 



Report Ho. 


MIDMLO - TOTAL NUMBER OF COMPONENTS IN' MAIN OXYGEN FEEDLINE (UP TO 100 ) 
MIDELO(NL)- TOTAL NUMBER OF COMPONENTS IN ENGINE OXYGEN' 

FEEDLINE NUMBER NL (UP TO 100 ) 

IDMLO - COMPONENT TYPE FLAG FOR MAIN OXYGEN LINE 
IMMLO - COMPONENT MATERIAL FLAG FOR MAIN OXYGEN LINE 
IIMLO - COMPONENT INSULATION FLAG FOR MAIN OXYGEN LINE 
IMLO - SUBSCRIPT DENOTING COMPONENT POSITION IN MAIN 
OXYGEN FEEDLINE (IMLO = 1 AT TANK BOTTOM) 

IELO(NL) -SUBSCRIPT DENOTING COMPONENT POSITION IN ENGINE 

OXYGEN FEEDLINE (IELO(NL) = MIDELO(NL) AT INLET TO ENGINE NO, NL) 
SP1ML0( I ) , SP2ML0( I ) , SP3ML0( I ) - COMPONENT SPECIFICATIONS (SEE MANUAL) 
0PD(K),K=1,NEL - DIAMETERS OF OXYGEN ENGINE FEEDLINES (INCHES) 
OPD(K),K-NELfl,NSIZE - CANDIDATE DIAMETERS OF MAIN OXYGEN FEEDLINE (INCHES) 


F0RMAT((12I6)) 


COMPONENT COUNT CARD 


r FIRST CA1 




' ' ‘ "S' 

§ 

H 

£ 

ii M it mi ii » h!ii n n * a a n ■ a » n r » >1 * * u ■ » Jti « a « « a n • • Jli n a m ■ » » * » »!«i o n * n w n u «» »|n nnnmtnana 


FORMAT(3l6,3E12.8) 



COMPONENT DESCRIPTOR CARDS FOR MAIN FEEDLINE 
(THERE MUST BE MIDML0 OF THESE CARDS) 




■ s 


CL, 

Ph 

CO 

CO 

i 

is 9(n anxusnsni 

nsnaaapaa « 



saiiMaliiuiiiMiaiMiii n|n II n « » n n n n i 


COMPONENT DESCRIPTOR -CARDS FOR EACH ENGINE FEEDLINE 
(THERE MUST EE MIDEL0(NL) OF THESE CARDS FOR 
FORMAT (3l6,3E12.8) EACH ENGINE FEED LINE NO'S 1 TO NEL) 




■ 

• 'a- 

w 

w 

H 

M 

PM 

M 

CO 

1 



i r a a alt, e a u » ■ i, a a »|n n n n a a im i 
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LOCKHEED AIRCRAFT CORPORATION 


OXIDIZER FEEDLINE CONFIGURATION 


INPUT GROUP 3 (Continued) 



N#. 


Oxidizer Feedline Diameter Cards 

Format ((6E12.8)) NSIZE s NEL + NML 


OPD (1) 


OPD(NEL) OPD(NELfl) 


>PD( NSIZE) 


i iHimiM 


iii uuMtiiinNft ml « aaiipsnBB aU 


8BBIlBlB4lt()CII«afl «)■ WI1 B B M ■ ■ C ■ ■ Mill B O M ■ ■ fl ■ « »|7I Tim 


-ENGINE FEEDLINE DIAMETERS- 


i 


MAIN FEEDLINE DIAMETERS 



i I > < I i i i t win u uun a it u aalitaaa » a r a a a|n saaa a a a aajn aaaaao a a o|u aaaaan a a an bom a a ran »|ti nnunanana 


mini • *|t' nu ua a it u naln a aaaaaaaaln aa aaaa a a a|u aaaaan aa alii a Baa aaaaalu eaaua i>aa»|ti »n i< » n n »»i 


tiitiiriiafiiunauai? a aa|n aaaaanaaWaaaaaaaaaaJn aaaaaaaaafii a a a a a a a a ala a a aaa o a a a|n nnnnnminm 


roaw Mao in* 


















Pr«par«d 


CUeU 


Approved 



LMSC-A991396 


LOCKHEED AIRCRAFT CORPORATION 

Pt|J* 


FUEL FEEDLINE CONFIGURATION 


INPUT GROUP 4 



Report No. 


MIDMLH - TOTAL NUMBER OF COMPONENTS IN MAIN HYDROGEN FEEDLINE (UP TO 100 ) 
MIDELH(NL) - TOTAL NUMBER OF COMPONENTS IN ENGINE HYDROGEN 
FEEDLINE NUMBER NL (UP TO 100 ) 

IDMLH - COMPONENT TYPE FLAG FOR MAIN HYDROGEN- LINE 
IMMLH - COMPONENT MATERIAL FLAG FOR MAIN HYDROGEN LINE 
IIMLH - COMPONENT INSULATION FLAG FOR MAIN HYDROGEN LINE 
IMLH - SUBSCRIPT DENOTING COMPONENT POSITION IN MAIN 
HYDROGEN FEEDLINE ( IMLH = 1 AT TANK BOTTOM) 

IBLH(NL)- SUBSCRIPT DENOTING COMPONENT POSITION IN ENGINE 

HYDROGEN FEEDLINE (IELH(NL) = MIDELH(NL) AT INLET TO ENGINE NO,NL 

SPIMLH( I ) j SP2MLH( I ) , SP3MLH( 1 ) - COMPONENT SPECIFICATIONS (SEE MANUAL) 

HPD(K),K=1 j nEL- DIAMETERS OF HYDROGEN ENGINE FEEDLINES (INCHES) 
HPD(k),K=NE1>1,NSIZE - CANDIDATE DIAMETERS OF MAIN HYDROGEN FEEDLINE (INCHES) 


FORMAT ((1216)) 


/ 


COMPONENT COUNT CARD 


(FIRST CARD) 


3 S 

s n 

s § 


I M 4 S NT I I 1 ||l! tatS M II H IT II 51 *jll U B It It » 17 9 » SattaaPSlJtl « Q M • « <7 41 « n|lt 12 U U 9 » IT * » «!ci O U #4 IS « 17 M M 1 t\li 72n?4 75»n7l71» 


I 


FORMAT (3l6,E12.8) 


/ 


COMPONENT DESCRIPTOR CARDS FOR MAIN FEEDLINE 
(THERE MUST BE MIDMLH OF THESE CARDS) 



a 

a 

3 

tn 

CM 

3 

g 


fPs 

Ph 

(U 

Oh 

H 

CQ 

cq ■ 

CQ 

11 t4 It If 17 U 

naln anaaanaaa 

iiBoaaaaaaJ««ii 

«•« « s nw 







tt II MlM X II St M ISift 12 13 44 .S « IT II n TQ|7) 72 TJ 14 7 % It 71 71 71 » 


FORMAT (3l6,E12.8) 


COMPONENT DESCRIPTOR CARDS FOR EACH ENGINE. 
FEEDLINE (THERE MUST BE MIDELH(NL) OF THESE 
CARDS FOR EACH ENGINE FEEDLINE NO'S 1 THROUGH NEL) 



n a a m ■ a 0 » a xjti tin « « « «j • m J11 ■ b m L « v m * »S»i a a ** a • «i m u x|n nnNitwintna 


A-8 


PonM mho Itu 




















Pr*r *'*4 


OmM 





LOCKHEED AIRCRAFT CORPORATION 


1 FUEL FEEDLENE CONFIGURATION 


INPUT GROUP b (CONTINUED) 



fftpwt N«. 


Fuel Feedline Diameter Cards 

FORMAT ((6E12.8)) NSIZE = NEL + NML 


HPD(l) 


11)411111 ti|i! npunaiiMiii 


HPD(NEL) 

HPD(NELfl) 

■ a n a a aln a a a a 

a v a a aln a a a « • n • 




k- 


ENGINE FEEDLINE DIAMETERS 





MAIN FEEDLINE DIAMETERS 


l i i • i i > l » m|i> u u hii n ij ii n aln n an a an a a a|n a a a a a d a a«J«i • a a ■ a|n b hi a na ■ an a a a a a v a a a|»i nnaaanaaa 


t > « i • i i i aluiiuMNH i> unalnanMsanaa aln aaaaasaaaju «««•«<)•• ■iiiBB«BanaaaliiooiMtai’aan|’>nn»»»nTi>ii 


• i 4 i • i i ia|iittnaiiaiiaaa|naaaaanaaaIaaaaaasa»(4««a«aa«aaa(iiaaaaaaaBalii a oaaanaa »|n nnunnnnnm 



FORM 4440 1914 






















LMS 


LOCKHEED AIRCRAFT CORPORATION 


t 

FEEDLINE HEIGHTS AND DESIGN 


PRESSURES - INPUT GROUP 5 




&Si396 



Report No. 


OXHTEN - FEEDLINE HEAD HEIGHT ABOVE ENGINE INLET, OXID, (FT) 

HYHTLN - FEEDLINE HEAD HEIGHT ABOVE ENGINE INLET,FUEL, (FT) 

PDLO - OXYGEN FEEDLINE DESIGN PRESSURE (OPTIONAL) , (PSl) 

PDLH - HYDROGEN FEEDLINE DESIGN PRESSURE (OPTIONAL) (PSl) 

NOTE: A FACTOR OF SAFETY OF 2.5 IS APPLIED BY THE 

PROGRAM TO THE ABOVE PRESSURES IN THE COMPUTATION 
OF LINE WALL THICKNESSES, IF ( PDLO, PDLH ),LE,0, PROGRAM 
USES MAXIMUM TANK BOTTOM PRESSURE OR ENGINE INLET PRESSURE. 


FORMAT ((6E12.8)) 


/ 

0XHTLN 

HYHTLN 

PDL0 

PDLH 


i i i t i • i • i itln ii 

ii u it a i> it ii a!n ana 

aanaaajnssasa 

aaaajnaaaaana 

m W11 » u m m u it » » nlii a n u a t» n u 0 n|n nnn nnnn7tm 

... - 


i I Him i ii|ii it ii it » it ii ii tia!n hums ana aalu Baaaasaa ajn aoaaanau alii b u m a » a a a!n uuHuaiinnn|n»ni«nit>>nna 


i I I < I i I ■ I m|ii ii ii u n m n a it a In aaaaanaawiiBSMaaoaa a a a a a a a a aiii a b a a a n a a alti snattanaa it|n nnm 
















Prepared 


CK*ck»J 


A pprove^ 
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LOCKHEED AIRCRAFT CORPORATION 

P»fJ« 


INITIAL WEIGHTS 


INPUT GROUP 6 



R«p«rt No. 


LOADOl - LOADED WEIGHT OF OXIDIZER, LB. 

LOADH1 - LOADED WEIGHT OF PUEL, LB. 

VWGTN - TOTAL VEHICLE WEIGHT AT IGNITION, LB. 


FORMAT ((6E12.8)) 


L0AD01 


L0IADH1 

VWGTN 


i u ii a ii ii ii a!ii a a a 

aaaaaalnaaaai 

pan J«i b|si bbhiiiim oomomituo n|n nni4B»Ji»n# 

• 


■ mini n|n u ii u it n ii ii it s|n gammaalntgiiiiiia a Jii « a u « a a m a aju a n ana a it a a .In u u u u a v n o x|m »»i«n»n»nag 


a • a a ■ a • *|ii it u m it a u a n altt t* a a a a ii a a aJn a a a a a a a a ala nan a a a a a aiii a a a a a ii a a alii a n a a a 11 a a x|n nnunniiana 

















LOCKHEED AIRCRAFT CORPORATION 


STEADY-STATE 





INPUT GROUP 7 


R»P«rt Ho. 


WDOTNO - OXIDIZER NOMINAL FLOW RATE FOR SINGLE ENGINE (LBS/SEC) 
WDOTNH - FUEL NOMINAL FLOW RATE FOR SINGLE ENGINE . (LBS/SEC) 
FNCM. - NOMINAL THRUST FOR SINGLE ENGINE . (LBS) 


FORMAT ((6E12.8)) 


WD0TN0 


WD0TNH 


1 I s 4 s t 7 i I Itlu upj M ii «• 17 ii m »lii anMaanaa a a * » *p a malti 4 ^ 44 « * « 4 H «o|st aoMaatT*)* alii domohimki »|/i nnunnnnnt 



i i • t • > I • »|ii u i» m n a ii a i* a!» na»aai?aaaliiBBMaaBaa^<te4«aaa«aauiBBNaBi’aaa!tiuoaaai>BB *|» » » » a a » a a a 
















LOCKHEED AIRCRAFT CORPORATION 


ENGINE INLET CONDITIONS 



INPUT GROUP 8 


No. 


TENINO - TEMP. OF OXID. FLUID AT ENGINE INLET 
TENINH - TEMP . OF FUEL' FLUID AT ENGINE INLET 
TLIQSO - TEMP. OF OXID. FLUID SURFACE IN TANK 
TLIQSH - TEMP. OF FUEL FLUID SURFACE IN TANK 
PENTOL - ENGINE INLET FLUID PRESSURE TOLERANCE 


(DEG. R) 
(DEG. R) 
DEG, R 
DEG. R 
(PSI) 


LT 

TENINH 

TLIQS0 

TLIQSH 

1 1 1 < i • i t • itln a 

it m a a ii n a a!n a a a 

aanaajraaaaa 

naaalnaaaaaaa 




I n a a a|n a a a a a * a a alii a a a a a a a a a|« a a a a a a a a alii a a a a a n a a aln a a a a a u a a »|ii n n » it a » a n i 


A-13 



















Pfp*r*4 


CK*cW^ 





LOCKHEED AIRCRAFT CORPORATION 


TIME VAIXJES FOR TRANSIENT DATA 


INPUT GROUP 9 


TIMEA - TIME VALUES OF EVENTS IN TRANSIENT ( UP TO 21) 
FORMAT ((6E12.8)) 


TIMEA (NPTS), 


mmt\ B o m a II a n m a. 


/ 

TIMEA( 1) 

TIMEA (2) 

itninii t« |n it 

n H ii a ii l it a Is a a a 




Rifferi N», 



) > « i • l i i n|it u u u it ii ii ii na|ti nas aanaaaln saaas BSBs/tiasaaaaaaaili BBsaaBBSan r obbbiisb»Iii nnnr.nnr. na 


i i « i i ) • • a|n is n a a a n u » aln a b a s a it a a ain a a a a a s a a s/41 a a a a a a aa alii a b a a a it a a alu a b a b a u a a a|ii nnunnnm 


< i 4 i • t i • sin ttitaa a it a aa|n a aaa ansa a/s a a aaaaaaWa aaaaassaa/ii asaa anaaali aaaaan aaa|n anti nans na 
















Prmp+rmJ 


CK*cW*J 




LOCKHEED AIRCRAFT CORPORATION 


; PROPELLANT FLOWRATE HISTORY 


INPUT GROUP 10 


HDTFRO - FRACTION OF OXIDIZER FLOW RATE AT TEMEA(l) 
WDTFRH - FRACTION OF FUEL FLOW RATE AT TIMEA(l) 



FORMAT ((6E12.8) 


WDTFR^(2) 

• • • 

i m a a rt a n aln a a a 

» n rr w a mn o a * mm 


WDTPRji ( NPTS ' 


LMSC-A991396 


*T IMF. PKAh 


Rtpcrl Nt. 



i »{n ftp unarm am 


NOTE: • WDTFRH -DATA START ON A NEW CARD 


WDTFRH(l) WDTFRH(2) 


• • • 

— 

wdtfrh(npts) 

Binisulnsaxai 

d a m m*\ c a « m m a m 

• b|si is bmb anaas 

j 


I i 4 i • » • • n|ii il u w it * n n t» aln aaaaanaaafnaaaaaaaa Jit a a « a a n • a a!n a o m u a n ■ a am a u tt u a •> a n a|n nnunnnnntt 


l i • i i i i t m|ii u tt m n * it m it aln aaaaanaaalnaaaaaaaa Ju mammae •• t«ii a a a a a it a a aln aguanai tt|n tt n t« it a tt it t 






















ProporoW 


OhcM 


Appr o v oW 



LOCKHEED AIRCRAFT CORPORATION 


engine start thrust history 


INPUT GROUP 11 


FIFRAC(I) - FRACTION OF NOMINAL THRUST (FOR A SINGLE ENGINE) 
AT TIMEA(l) 

FOEMAT ( (6E72.8) ) 


^FIFRAC(l) 

FIFRAC(2) 

i i n i m i n|n it 

it u u a n a n a|n a a a 



Ropcrt No. 




t i 4 • i i • • aln a n a a a u a » a|n a a a a a a a a a|a a b a a a a a a 4** 4^ a a a a a a aln a a a a a a a a a!n a n « u a n a a a!n nnunnnnnm 


i i i i i i i i • a|n b a m a a ii a a ala a a a a a » a a aja a a a a a a a a a|a m a a a a a a a a|n a a a a a « a a ala a a a a a a a a n|n nnunnnni 
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Prmyimd 


CK«cU4 


A pf***+4 



LOCKHEED AIRCRAFT CORPORATION 


i 

SUCTION PRESSURE REQUIREMENTS 


INPUT GROUP 12 


NPSPO - NET POSITIVE SUCTION PRESSURE FOR OXIDIZER 
NPSPH - NET POSITIVE SUCTION PRESSURE FOR FUEL 

FORMAT((6EL2.ft)) 


^npsp0(i) 

NPSP^(2) 

i » > « i • » i a n In n 

i> m u a n ■ ia a In a a a 


SP0(NPTS) 



RtpMTl N«. 


NOTE: NPSPH DATA START ON A NEW CARD 


'm > spH( i) 

NPSPH( 2 ) 

mtiim win u 

j u it n i> n n a|n a a a 


SPH(NPTS) 


i t i 4 » • v • • N|n ii u m n « i? ii it a|n n a * a » 


«*■ » Wn a a m ■ si »«ju «a «« an «aa!u ■ 


gxiiinat a*i agauaiigii *[» n n u n n mi n m 


i l i « • a • a a nIiiu ii Hia a » Maalnaaaaaaaaajnaaaaaaa a «i« mii aBaaanaaali m a a a a i> a a *|n nnnnanaiti 


A- 17 



























Prm f*ro 4 


Ck*cW *4 


A 



LOCKHEED AIRCRAFT CORPORATION 


titl« ENGINE INLET 

PRESSURE REQUIREMENTS 


INPUT GROUP 13 



if • pert Mt. 


PENMNO - MINIMUM ENGINE INLET OXID. PRESSURE VALUE AT TIMEA 
PENMNH - MINIMUM ENGINE INLET FUEL PRESSURE VALUE AT TIMEA 

FORMAT ((6E12.8)) 


IPENMN0(NPTS) 


^penmnjzK 1) 

PENMN0( 2 ) 

1 t 1 4 1 1 1 1 1 alii it 

u a 11 Nit M aa|n bum 

NOTE: 

START A NEW ( 

^enmnhCi) 

PENMNH(2) 

1 1 t 4 1 1 ) 1 1 a !n 11 

j a 11 a it a a »|n a tt a 



penmnh(npts, 


1114 11)11 aln it u H a a it a it »|n a a a a a a a a afn s a a a a B a > Ju a a a a a a a a a!u B n m u a it a a b'wi B a a u a it a a t»|t> nnunnmtnm 


< t 1 4 • • ) 1 • n|ii u it a a a it a a aln a a a ■ ■ n a a a|n a a a s ■ > a a 4J0 41 a a a • a • 41 mu b a a a ■ n ■ ■ all b b m a a it a ■ *|n ntitititittmii 


A-l 
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Prmt+r»4 


Ck(U 



LOCKHEED AIRCRAFT CORPORATION 


‘ NON- CONDENSIBLE PRESSURANT DATA 


INPUT GROUP Ik 



R*p«rt N». 


PPDGOT - PART, PRESS. OF PRESSURANT GAS IN OXID. TANK 
PPDGHT - PART, PRESS. OF PRESSURANT GAS IN FUEL TANK 

FORMAT ((6E12. 8 )) 


^PPDG^T(l) 

PPDG^T( 2 ) 

1 m 1 1 1 11 h!<m) 

11 m u a it a n aln 0 a a 

NOTE: 

START A NEW 

^PDGHT(l) 

PPGHT( 2 ) 

1 1 1 4 1 1 1 1 t itin II 

ii u 11 a 11 a n aln a a a 


PPDG0T(NPTS) 


. . . . . • • PPDGHT(NPTS) 


lltllllt a|u »l a M n » n a ii a|n a a a a a n a a aln a n x a a a a a «i«t a a u a a n a a alii b u u u b ii a a alii a o * u m it a n b|ii n n u n n n :i i 


■ l l • l • i • • a ju u it m n a n a a aln a a a a a ii a a ijn a a a a a a a a aja « a a a a a a a wu a a a a B n a a aU a a a a a a a ajn rcnnnanam 


A - 19 
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Pr0p*f4 





LOCKHEED AIRCRAFT CORPORATION 


PRESSURANT GAS TEMPERATURES 


■INPUT GROUP 15 



Revert Hi, 


TDGOT - TEMP. OF PRESSURANT GAS, IF NONE-SET EQUAL TO TLIQSO + 5,'DEG.R 
TDGHT - TEMP. OF PRESSURANT GAS, IF NONE-SET EQUAL TO TKHQSH + 5, DEG.R 

FORMAT ( ( 6E12 . 8) ) 


^tog^tCi) 

tdgQt(2) 

1 1 > 1 1 • I 1 1 It 111 u 

l m a a n a aaln tot 



• 

TDG^T(NPTS) 


■ alii a a m a a o a a a i 



NOTE: START A NEW CARD FOR TDGHT 


/ 

TDGHT ( l) 

TDGHT( 2 ) 

1 1 > 4 1 1 1 • 1 It !ll It 

it u it it it it a a|ti a a a 



TDGHT (NPTS) 


0 a a «t«i «««•««>«■ D|st hd Mfliraa am n\n nbmr.nnr.nm 


i mimi ajii iiumimiii n 11 a| n aaaaanaa am aaaaaoaa 


Jii a a m • a o a m a!n a a m u • u 


a a ait ntJMUatian ttm nnunnminu 


1 l i * i i t • t afn u it a a a it a a alti BaaaanaaWnaaaaaaaa «Jo a m a a a o a a mii a u m a a r a a alii aaaaatiaa »|n nnnnannm 


A-20 























LOCKHEED AIRCRAFT CORPORATION 


End of Data for a Case 



INPUT GROUP 16 


Nt, 


IG00N-1, there is another case to be processed following this one. 

IG00N=O, this is the last case of the run. Terminate processing and 

return control to the computer operating ' system: FOMAT .( ( 1216) ) 


IG00N 
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